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Compact Hughlings Jackson was fine vein pithy thought and 
phrase. Among its memorable examples stands that figure [1] the 
nerve centres rising three tiers levels. gained common 
usage, and witness its author not least the tacit and complete 
assurance that neural organization and co-ordination are inseparably 
one. think had been with to-day would have judged 
illustrations happier than the notable studies asynergia, rigidity 
and tremor, and the modern advance knowledge their nature, 
which are our debt pre-eminently clinicians our own country. 
The nervous system indeed both form and series events. 
These have confronted together even for inquiry which concerns 
itself with function its chiefest aim. 

Hughlings Jackson describes dissolution,” his great analyst the 
nervous system, pulling pieces from the top downwards descend 
variously far. likewise physiological experiment, but, for simplicity, 
starts lower. rump mechanism, stump spinal cord, these 
interrogates through perhaps single afferent for answer single 
efferent. Such virtuosity has course its defects; one them the 
mutilation entailed. But its hope is, since bottom basal, reach 
bottom though even there the elemental may not prove the 
simple. 

Jackson’s three levels, simplicity’s field choice will lie the 

lowest, the Jacksonian third. There, and its simplest, 
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ORIGINAL ARTICLES AND CLINICAL CASES 
old-fashioned time-honoured entity, the motor centre. hesitate 
invite recontemplation such oft-worn ground; yet light some 
accrete endowment. With it, initial 


fresh detail seems 
adjustment 


problem, and nowhere more essential, quantitative 


Fi 1.—Showing the number and diversity in size of the} erve S 1 
Nerve all afferent fibres removed, 179 fibres rem givir 
raction 1,780 the muscle accompanying branch nerve 

ilso deafierented. | f soleus avera i tha ga n 
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Sampled afferent stimulation the motor centre soon reveals that 
every reflex fractionates its muscle. fractionation not pushed 


far run the single muscle-fibre. Soleus (cat) has some 30,000 


muscle-fibres and the long extensor the digits some 40,000 but 
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nervous co-ordination, Hughlings Jackson said, based the 
anterior That cell its motor nerve-fibre innervates whole 
packet 150 and more. This packet muscle-fibres 
together with its motor nerve-fibre constitutes what may called 
for short into these packets that the reflex 
fractionates its muscle. They give numbers not unmanageable—soleus 
(cat) consists some 200, longus digitorum 330, medial 
gastrocnemius 450 

Such motor units yield contraction-wave some 2°5 g., and even 
with. The more since its contraction runs the “all nothing’ 
plan, that grade-the strength the stimulus, however carefully, 
srading the strength the contraction-wave itself, 


contraction-tension coarse unit, would seem, grade 


does not arrive 
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3.—Contractions single units soleus, mechanically evoked tapping 
standard fixing the isolated muscle; the main motor spinal root to the muscle was cut ; 
ind one afferent spinal root (7th) only remained the afferent supply the muscle. The 
purely mechanical effect the tap appears rapidly damped vibration. The 
response one motor unit, evidenced myograph and galvanometer, the lower 
line between the two reflexes tap which failed elicit The 
upper records are, left, initial response two units which one continues tetanically 
per for beats; and again right; between them larger response, two 
motor units. (Eccles and Sherrington, 1930 


the contraction-wave being far fixed quantity independent the 
strength its stimulus. reflex action, however, know that the 
single contraction-wave isolated event scarcely happens. 
the contraction waves overlap form tetanus. This tetanus when 
once the mechanical fusion the component waves yields 
its turn tension value fixed, far that increase strength 
rate stimulus will change further. This full tetanic tension 
value for the average unit soleus (cat) and reaches 
gastrocnemius 

Such fixity value for the tetanized allows reflexes 
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which can ensure tested for their share given muscle 
this way found that the limb practically afferent nerve 
possesses the whole any one muscle, and that every afferent nerve 
has some reflex share practically every muscle. 

The motor units which make tibialis anticus (cat) number some 
380; its spinal motor horn-cells are effect the expanded receptive 
central ends these motor units. Some the motor units are larger 
than others, and these attach doubtless the larger motor horn-cells. 
The overlap central terminals these large cells, their density 


30% 


4.—Motor nerve-fibre sizes nerve soleus and nerve gastrocnemius plotted 
against percentage numbers (ordinates) the respective sizes. Deafferented preparation. 


Only myelinated fibres are enumerated. For soleus nerve the contour line solid (——— 
and the contained area (except where overlapped gastrocnemius chart) blank. For 
gastrocnemius nerve the contour line broken and the contained area stippled. 


Fibre sizes along abscissa line and Sherrington, 1930 


the cell surface elsewhere, must specially extensive, that the 
large motor units will the more widely call and the more often 
play. 

the 380 motor units thus making tibialis anticus, the internal 
saphenous nerve under faradization can tetanize some 120, the popliteal 
290, dorsal digital 135; and on. may suppose the central 
terminals these afferent nerves play largely directly upon the 
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motoneurones, since the case this relatively simple reflex, recent 
work discounts the invariable mediation internuncial neurone 
between afferent root and ventral horn-cell. 


GRADES EXCITEMENT THE CENTRE. 

That many most these last are fully tetanized shown 
submitting them additional excitation and their then yielding 
additional contraction Motor units thus fully tetanized can 
classed maximally excited. 

When find inan experiment that full tetanic stimulation, say, 
plantar nerve, tetanizes 190 the 380 motor units and stops that, 
may suppose that the anatomical limit the number moto- 
neurones reachable the afferent has been attained? for 
the number thus found, within limits, can fluctuate quite rapidly during 
strychnine, accelerating reflex recruitment, and shortening, 
the reflex latency [56], will strengthen the 


and Rylant showed, 
response perhaps per cent. Conversely, with spinal shock 
shrinks. 

The temporary upper limit represents therefore not the anatomical 
total which the nerve can reach, but some, often large, proportion 
that total, proportion circumscribed functional condition. And 
there abundant evidence that besides those motoneurones which the 
afferent nerve thus excites, there are subliminal fringe, 
which acts but fails bring discharge. The proof this that 
excitation similarly subliminal from another source when brought 
bear concurrently this subliminal fringe does bring discharge 
the variation the number motor units 
given afferent nerve different times will excite, may lie partly 
subliminal excitation from some other reflex central source being 
out action some the motoneurones the time. 

the opposite extreme from the subliminal fringe there obtains 
what may term excitement. combining 
tetanizing excitations say via two separate afferent nerves, the excite- 
ment some motoneurones can brought the 
sense more than for full tetanic contraction the muscle- 
fibres their units. This detectable occlusion contraction 

52), and commonly happens under faradic stimulation even 
single afferent nerve because central overlap between that nerve’s 


own constituent fibres. 
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Therefore among the reflexly excited units the motoneurone 
pool there will obtain, and often the same time, the different grades 
excitement, subliminal, maximal and supra-maximal. Altogether, 
since some the motoneurones are not excited, there are four states 
the motoneurones, zero, subliminal, marimal and 

What then the gap between maximal and subliminal? Three 
years ago Adrian and Bronk the one hand, and the other 
Denny-Brown [9], different methods and independently, succeeded 
observing reflex firing individual motor units. They found 
rates ranging down per sec. and per sec. slow extensor 
muscles, and down per sec. the motor phrenic. Now, these 
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B.—Facilitation. 


Fic. A.—Two excitatory afferents, and with their fields effect the 
Concurrently they activate not but i.e., give contraction-deficit 

Fig. B.—Weaker stimulation and restricting their supraliminal fields effect 
the pool shown the continuous-line limit: itself activates unit; similarly 
concurrently they activate units and owing summation subliminal effect 
the overlap the subliminal fields outlined dots. 

(Subliminal fields effect are not indicated diagram A.) (Sherrington 


rates are not sufficient secure their complete 
tetanus; they are not maximal grade. They are the 
sense being not sufticient for full tetanus. Different rates, faster and 
slower, within grade were observed occur concurrently 
among motor units firing the same muscle The rates did not 
correspond with the rate the break-shock series applied the 
afferent nerve |9, These examples were taken from crossed 
reflexes; such there exists course the internuncial neurone which 


7 
> 
\ 
\ 
\ 
r y 
a 
q 
, 


MANAGEMENT CONTRACTION LOWEST LEVEL 


mediates between the afferent nerve-fibre and the ventral horn-cell. 
the simple flexion reflex the central connection more direct, and 
there the rate firing the motor unit shows much closer correspond- 
ence with that the repetitive stimulus 12], least some 
the motor units and the repetitive stimulus not too quick and 
strong. even there the motor unit fire more than once 
response single centripetal volley 16]. This repetitive 
after-discharge from single centripetal volley still greater some 
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Fic. 6.—Inspiratory firing single motor unit the inspiratory portion 
the internal (cat). progressive decline inspiration under luminal and 
chloroform. The duration the discharge diminishes and the rate firing slackens the 
are electrocardiogram.) Observation Professor Adrian, whose kindness greatly 
indebted for permission use this unpublished record, typical example his beautiful 
technique. 


crossed reflexes and may reach extraordinary proportions. The point 
here that often the firing the motor unit does not agree closely with 
impulse volleys entering from the afferent nerve. The firing the 
motoneurone exhibits quasi-independence the rate volleying 
the afferent nerve. This may seem contradiction the close corre- 
spondence observable the spinal flexion-reflex under moderate faradic 
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stimulation, but even then the main rhythm tends complicated 
secondary discharges. these facts lies the motor 
centre being which takes various summation- 
times reach discharging point, and the neurone threshold itself 
varying, and with individuality duration refractory phase. 

Turning from stimulation natural, know now, thanks 
the discoveries Adrian and his collaborators, that stimula- 
tion, for instance, pressure the foot [14], will less than does 
faradic develop its reflex means impulse-showers, but these are 
for the former far more diversely arranged. The trains centripetal 
impulses engendered such stimulations are not only 
different rates among themselves, but vary regularity, and differ 
different fibres with heights frequency related intensity the 
stimulation different sense organs, and with different periods 


slackening the rate firing the individual motor unit. soleus, 
decerebrate preparation. regular stimulus per sec. the anterior femoral crossed 
nerve continued throughout. fall the upper signal regular stimulus per sec. 
the ipsilateral internal saphenous nerve until the fall the second signal. (D. Denny- 
Brown, 1929 


crescendo, and adaptation and fatigue. The centripetal stream will 
resemble less noise thana musical note. This complex inrush, pouring 
upon internuncial neurones, directly upon the motoneurone pool, 
proceeds however from truly functionally related set receptors. 
compared with the centripetal stream sent under faradic stimula- 
tion the bared nerve, this natural one will have its impulses less 
synchronized and more dissimilar individual trains. will display 
consequently richer inequality excitation the motoneurone pool. 
general correspondence with this (though, since the firing the 
individual motor unit may not closely agree with that the afferent 
fibre, particular correspondence there need not be) there will result 
still greater diversity between the firing individual motor units, inas- 
much the grade excitement the motoneurone governs the rate 
firing the motor unit. 
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The rate firing the muscle-fibre can taken guide the 
amount excitation the motoneurone. Though there intrinsic 
factor the rate response, the quicker the firing the greater the rate 
excitation. Thus, the phrenic nerve the individual motor-fibre 
fires more rapidly the stronger the inspiratory action (c/. fig. 
again, the extensor motor unit firing steadily, weak inhibition 
inhibitory afferent slackens the firing until withdrawal the 
inhibition, when the former quicker rate returns (fig. 7). 


DEGREES ENGAGEMENT THE CENTRE. 


Clearly there obtain under reflex action, and especially with the 
more natural and less whole gamut excitements the 
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Fic. 8.—Scheme distribution excitement the reflexly activated motoneurone 
ofamuscle. Grades excitement plotted against numbers motoneurones (abscissa 
and of motor-units (abscissa 6—b’) ; ordinates along a’ —8 denote grades of excitement in t 
active fraction the pool 

The motoneurone pool, with motoneurones shaded indicate different grades 
excitement matching different degrees of tetanic construction of their muscle fibres; t 
lightest shaded motoneurones represent subliminal fringe. 
motoneurone pool. Besides the (including supra- 


and grades motoneurone excitement 
earlier referred to, there will grades intermediate between those. 
These intermediate grades, since they produce their muscle-fibres 
only imperfect tetani, i.e., subtetani,’’ may termed 
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seems useful attempt generalized scheme for the state 
motor centre muscle under reflex excitation. 
have distinguish the above broad classes excitement the 
motor units. may group together one the maximal and what 
were styled above the and embrace them under one 
heading, namely, because their like effect respect 
contraction tension. The broad classes are then three, 
where the excitation nil. the accompanying chart the grades 
excitement and the rates firing ascend the ordinate scale. The rate 
excitement greatest where the centre the successive arrival 
converging impulses quickest and thickest. 

First, regards weak reflexes; since central excitation field 
reduced its minimum entirely subliminal 16, clearly 
weak reflexes the subliminal fringe will constitute larger proportion 
the excited field. has been often observed. 

regards strong reflexes them excitement the maximal 
class embraces certain exceptional examples the motor units 
whole muscle Often strong reflexes motor units 
are plentiful enough include all the motor units engaged 
weaker reflex this contraction tension can 


entirely concealed that the former. 


ADJUSTMENY CHANGES EXCITATION. 

Reduction the stimulation the afferent nerve means excitation 
fewer fibres it. field and density the exciting central 
terminals thus reduced. This reduction may fall heavier one class 
than another. But let suppose more general and more equable. 
Let suppose, the accompanying chart the reflexly excited 
motoneurone-pool muscle, general withdrawal excitation such 
reduce existing excitements given, say the just subliminal, 
amount. may sample this withdrawal for its effect motor unit 
motor unit along the scale excitation the chart. The total result 
decrease contraction which traceable several factors. One 
consequence that line rises from the abscissa less far the left 
that is, the total excited field somewhat shrinks. The old subliminal 
fringe drops out action altogether replaced another, this 
case not less plentiful, supplied from former subtetanics.” All along the 
firing line the fire, examined motoneurone motoneurone, some- 
what slackens. Units well the class continue 
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give the same contraction-tension before; other lower 
down degrade into the subtetanic class, and yield less tension. the 
subtetanic class all slip lower, yielding individually less tension, and some 
cease discharge, entering the subliminal fringe. records where 


two motor units are firing, one somewhat faster than the other, can 


seen that when the faster slackens somewhat its slower companion 
may disappear altogether, i.e., will cease firing. excitation causing 
the remaining one quicken again restarts the companion which had 
stopped. The waning and waxing affects the two and the same 


9.—Example consensual behaviour two motor units and decerebrate 


soleus. the lowest record aand are both firing under crossed excitation (of per sec.) 
rather slow rates, rather faster than the next record above both are rather 
the fourth record, the quicker unit much slower than was earlier and 
has ceased fire. (Eccles and 


direction, and what slow one will stop the other. Sometimes, 
however, one unit will persist unaltered although another stops. 

occasion some units are increased excitement while others 
are reduced. happens under conditions, however, which not 
preclude namely, the stimulation afferent nerve 
which tends produce some ipsilateral extension and some ipsilateral 
flexion mixed. likelier field for search might higher level co-ordina- 
tion, such Dr. Blake Pritchard has been investigating. Though 
even here there can fractional inhibition 
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But the outstanding instance shift the individual unit along 
successive grades excitement the course single the 
instance which, thanks Adrian and his co-workers, most known, 
namely, that which they have shown characterizes the opening 
phase even these 


lowest reflexes, especially, may 
suppose, when evoked stimuli. The firing engaged 
motor unit then opens slow rate and runs gradually, though may 
rapidly, ascending course reach climax frequency. The reflex, 
short, even regards the excitation the individual neurone, develops 
gradually. This contrasts with the spinal flexion reflex exhibited 
under faradization the bared afferent nerve. latter with 
characteristic abruptness develops its full tetanus once. This 
opening but agreement with the form possessed the 
stimulus which excites it; that stimulus tetanizes once and its full 
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0 Seconds 10 
10.—Curve showing frequency impulses per sec. nerve fibre ant 


during flexion-reflex. Decapitate preparation (Adrian and Bronk, 1929, 


rate all the afferent fibres going tetanize. More remarkable 
that the crossed extension reflex under similar stimulation does not 
respond but opens gradually showing both and 
acceleration individual firing often after marked period 
addition The rate recruitment accelerated 
strychnine, for shown Bremer and (1926) strychnine 
shortens the fundamental reflex latency 

Doubtless these features have relation intermediation relay 
the sense that few stimulations are likely produce it. 
Cutaneous proprioceptive stimuli are not easily imagined which will 
develop their height and with the suddenness 
faradic current afferent nerve-trunk. the flexion-reflex excited 
the stimulus pinching the foot, Adrian and Bronk 


show the rate firing individual motor-fibre begin low rate, 
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gradually reach its climax and gradually decline. Their instance slowly 
ascended the subtetanic scale during the course some sec. 
and never acquired maximal” grade. With the crossed extension 
reflex evoked mechanical stimulation the opposite foot, they 
traced sample individual unit opening firing rate low down 
the subtetanic scale and rising steadily rate enter the maximals 
group (60 per sec.) about sec. Adrian and his co-workers 
furnish many examples which show that one and the same motor unit 
climbs through successive grades excitement the opening phase 
reflex response. our generalized chart schematizing the grades 
excitement motor centre and their distribution, may picture the 
individual unit beginning natural reflex starting somewhere 
low down the subtetanic grade and then climbing take more 
settled place in, the reflex strong, the maximals. short, for 
the opening phase simple reflex picture line (fig. 
emerging from the level the base line (the quiescent pool) and 
gradually rising, becoming tilted does so, assume 


o 
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slope, and extent varying with the the particular reflex. 
strong reflexes, provoked the laboratory, know 
that the whole comes lie above the topmost subtetanic level, 
i.e., Within the and that horizontal extent may 
then coterminous with the whole abscissa. the other hand, 
know that certain weak the whole lies below the 
lowest tetanic level, and that horizontal extent then relatively 
short. 

The terminal phase the reflex, when caused with- 
drawal the exciting stimulus without complication inhibition, 
may picture extension that weakening already dealt with above, 
and again with its abruptness softened, especially for strong reflexes, 
the protraction individual after-discharge. 

The important and fascinating discoveries Adrian and his colla- 
borators seem thus supply paradigm the course discharge 
rhythmic reflexes general. natural reflex act exhibits gradual 
development its drive the motor unit, and similarly the 
subsidence that drive likewise gradual, know from after- 
discharge is, each alternating phase rhythmic train action 
(respiratory ventilation, stepping) will effect just waxing and 
waning the frequency discharge certain individual motor units 
periodically repeated. The observations Adrian and Bronk indicate 
that the grading contraction the diaphragm inspiration 
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effected mainly grading the frequency the firing the motor 


‘ 


unit with little all. The deeper inspiration means 
that case quicker and more prolonged firing many just those same 
motor units which shallow inspiration fire less rapidly and less long 
The resemblance between spinal and respiration close 
many respects The tetanic outburst rhythmically repeated 


the spinal scratch reflex more abrupt and more brief, e.g., sec., 
and less amenable grading rate. 


ADJUSTMENT SUBLIMINALS, SUBTETANICS AND MAXIMALS 
RESPECTIVELY. 


Thus, then, each the broad grades excitement the motor 
centre contributes active adjustment the reflex contraction, and 
contributes somewhat its own way. 

Subliminal adjusts mainly the basis extensity, increasing 
diminishing the total number motoneurones engaged. It, 
say, mediates between excitation and the quiescent outside. That 
this shown the addition and recruiting opening 
the crossed extensor reflex, and inferred also from the 
course the development excitement shown Adrian and Bronk 
for the individual unit commencement various 
fringe recruits from the quiescent pool; back into that pool sheds. 
also, course, feeds the supraliminal Its relation this latter 
sometimes illustrated under conditions strikingly Thus, 
take particular case 

volleys fired into flexion centre quick succession 
The first excites reflex twitch motor units. ‘The second, follow- 
ing quickly, tinds those motoneurones refractory because they have 
But other which the first volley 
excited, though not the extent firing them, the second volley 
still some subliminal excitement left the first, and, itself subliminal 
for them, yet adds increment excitement for their firing 
the myograph gauges their number from their contraction. The 
exciting volleys are then strengthened, each singly fire 180 
motor units instead But these two stronger volleys sequence 
discover little fringe. Therefore evidently the subliminals the 
weaker reflex must have become some the 180 supraliminals 
the stronger. such experiment, the summation being confined 


two stimuli, opportunity for revealing the whole fringe small. 
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Temporal summation its mere iteration possesses powers less limited 
than spatial summation can attain alone. 

Subliminal fringe absent some strong reflexes, least 
concerns particular muscle. That not say absent altogether, 
for reflex employs concurrently several synergic muscles each with 
opportunity for fringe 

The large fringes weak reflexes are effective factor for co- 
ordinative liaison and combination between such reflexes, and between 
them and others. nothing more frequent than the course 
experiment with, for instance, the ankle extensor attached the 
myograph, see, head and neck passively turned into the so-called 
favourable position, the same limb stimulus evoke much greater reflex 
than before, even although the new posture the head and neck evoked 
itself reflex from the muscle individual motor unit, 
sampled for observation, then beats faster than before; replacing 
the head and neck the less favourable position the motor unit fires 
less quickly again. The facilitation from above largely, and may 
entirely, subliminal and upon summation builds, when the local reflex 
repeated. Subliminal reflexes impinging with allied effect the 
muscle can produce large quantities contraction 

Thus again with Rademaker’s supporting reaction from the 
sole the foot and the soleus postural stretch-reflex. Also with 
Bremers cerebellar influences upon the extensor reflex the 
limb; and these remind that there can inhibitory fringe well 
excitatory, and that its withdrawal can give Hughlings 
luminously expounded Sir Henry Head. mainly 
subliminal fringes excitation that the higher nervous centres 
exert the postural adaptations which are necessary the animal 
posture itself. Destruction the rostral cerebellar cortex 
(Bremer Rademaker suggests itself accounting, 
removal reciprocal—and especially inhibitory—fringe 
antagonists, for the dysmetria—and hypermetria—observed 
cerebellar symptom. 

The subtetanics group.—An important attribute these their 
power grade contraction. firing the motor unit grades 
contraction spacing the successive contraction-waves that the 
integrated tension falls variously short full tetanic. shortage 
course greater the slower the wave-succession, and the scale 
grading becomes progressively less open full tetanus approached 
given increment frequency firing the motor unit represents 
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less increment contraction-tension proportion the frequency 
firing the motor unit already high; until last represents 
increment all (occlusion) 

The subtetanic contraction the individual motor unit course 
tremulous. suppose, therefore, the weak reflex will contain more 
tremor, but not know that myographically. With power-unit 
like that gastrocnemius, which averages 
some its tremulous contraction must threaten the steadiness 
the whole muscle. lessening such defect the circumstance 
that the various subtetanized units are out phase one with another. 
Individual differences rate summation excitation and duration 
refractory phase will tend keep them so. number fall into 
step tremor must become gross. 

Denny-Brown has brought forward and supported from his 
experiments, interpretation this basis the clonus readily induced 
the decerebrate preparation the laboratory. There, says, clonus 
arises simply from the tonic normally asynchronous discharge the 
units becoming synchronized. The tonic stretch-reflex the laboratory 
can exhibit the firing its units all shades transition between 
asynchronism and complete synchronism, and can made pass 
from one the other reversibly suitable conditions initial pose 
(Viets and, Pritchard has particularly shown, tension. 
Conducive the position taken his interpre- 
tation the the galvanometer string following 
knee-jerk inhibition, derived from the proprioceptives the 
muscle itself and evoked the jerk itself from its own muscle. This 
inhibition damps the discharge the jerk down effect one centri- 
fugal impulse. Fulton argues the pause lapse excitation. 
clonus the motor units get into step regards contraction, and their 
keeping step accentuated their pauses keeping step likewise. 
Their beats the clonus are punctuated their proprioceptive pauses 
forming vicious circle keeping them step. 

Inherent the the subtetanic motor units is, besides 
tremor, some waste work, uneconomy which has been with 
Bronk [33]. Can sure that nature love with economy 
this instance the uneconomy seems more than offset the 
advantage gained delicacy and range means grading reflex 
contraction strength. 

The group.—In weak reflexes, for instance weak 
postural reflexes, there may all. weak tonic 
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postural reflex soleus (cat), favourable isolated examination 
single motor units, not rarely fails exhibit single unit firing other 
than subtetanus. the other hand, strong reflexes there may 


‘ 


none but the entire motoneurone pool whole 
muscle [5], driven laboratory though this quite 
exceptional. the group each unit yields its maximal 
contraction. Motor units added mean added contraction, and removed 
mean contraction lessened. All additional excitement received here 
lays aside its mechanical equivalent. That say, occlusion” 
occurs here and therefore prominent strong reflexes. the 
group which its growth limits more and more the 
further increase the reflex muscular response. brings into the 
relation between increase reflex contraction and increase reflex 
stimulation some resemblance the approximately logarithmic ratio 
holding between increment sensation and increment stimulus. 
The maximals are economical sense, because contraction-tension 
maintained smaller expenditure energy stronger contraction 
than weaker. 

would not pursue this subject tiresome length. arrive 
this: that the motor centre—old but expressive term—is not mere 
passive relay the path out its muscle, nor merely place 
passive assembly impulses converging upon the muscle. motor 
centre grades excitation the individual motor unit, causing its 
faster its slower firing. The motor centre central instrument 
which adjusts actively the contraction-strength its reflexes works 
the basis the central summation process” [15, 
and fed centripetal impulses, deals with them the summation 
basis. isin short operates the 
individual motoneurone excitation-summation that way can 
exert whole scale degrees excitement upon one and the same 
individual motor unit, firing faster and obtaining nearer full 
tetanic value contraction, slower with greater defect from full 
tetanic contraction. also shows changes extensity with variation 
the number motoneurones. Yet, since central impulses order 
excite motor unit must summated, the central mechanism 
ultimately wholly apparatus. One secret its co-ordi- 
native power lies its power summating with almost negligible 
time-lag shifting fringes and mobile shades excitation that meet and 
overlap upon it. These join and disjoin, expand and shrink, afferent 
channels leading from various sources come into drop out action 


BRAIN—VOL, LIV 2 


hig ii 
ana 


ORIGINAL ARTICLES AND CLINICAL CASES 


and each and every time the central apparatus subjects them 
releases them from its summation. 

The motoneurone which this central summation drives reacts 
several respects Adrian has shown receptor react. difference 
however its more prolonged maintenance the rate firing 
under persistent stimulation, i.e., its greater resistance fatigue 
and does not run down quickly most 
receptors. Moreover, the central summation mechanism develops 
greater range intensities both upward and downward than the muscle- 
fibres which operates can with their tension follow. this seem 
wasteful central activity, may remember that additional excitation 
exerted motor unit, already driven for tetanic con- 
traction, not necessarily wasted. That surplus remains still con- 
tribution co-ordination, because further excitation offers further 
the case already quiescent neurone although one sense wasted 
further protection, which co-ordination may need, against excitation. 
times crisis the dilemma lies between strong actions, and the very 
strength the action taken may serve safeguard from extrinsic 
interruption. 

REFLEXES. 

Quantitative adjustment amount contraction seems first 
thought purely quantitative significance. Yet, since strengths 
contraction may affect and shift the scope act, contraction-strength 
can acquire qualitative value. laboratory plan obtaining reflexes 
direct stimulation bared afferent nerve for some purposes 
however artificial and certain artefacts derive 
from it, among them this, that each large afferent nerve presents 
dominant reflex which may conceal other reflexes. This dominance 
itself compromise, although often overwhelming one, between 
conflicting reactions. display natural thus submerged 
have turn localized stimuli natural for them. this way can 
traced the otherwise concealed ipsilateral extension reflex the limb. 
Its broad quantitative course seems rather different from that just 
considered. 

activates the great extensors the limbs. reflex included 
that complex which works the limb tool for locomotion and for 
standing. When, reflex life, the animal reacting the geotropic 
organ the head (the labyrinth) has been set its feet, its limbs are 
that very fact saddled with its weight. The extensor reflex the 
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limb becomes then anti-gravity reaction. se, Just 
the hind limbs the spinal dog when passively put upright 

reason the superincumbent weight then eliciting 
the postural extensor stretch-reflex, like manner the ipsilateral 
extensor reflex, although not itself specifically geotropic, becomes then 
adjuvant geotropism. This upstanding reflex 
dealing with its habitual burden, the body-weight, exhibits several 
grades strength. Each grade adapted particular form the 


act and behaviour. The weakest that adapted 
‘standing there all that wanted the great extensors sup- 
port their load the extent preventing their limb from sinking 


under it. This grade the reflex postural. regards the 


‘ 


extensors knee and ankle essentially the static stretch-reflex 
with, preparation permitting, some fringes support from neck and 
labyrinth. The motor units employs the great extensors are, con- 
formably with its mild contraction-strength, small proportion only 
the total aggregate composing these muscles. this small percentage 
not diffused and scattered population, segregated set which 
forms the ankle the part the great calf muscle, trespassing 
little into the gastrocnemius forms similarly the crureus 
and adjoining and spreads little into rectus. 

Turning the stronger forms this same 
these extend its scope from mere static support the limb propul- 
sion the they are locomotor. The extension the limb then 
takes the form the extensor phase the step. With increasing 
grades strength and speed this reflex transcends walking and running 
and becomes the gallop. these several forms are represented 


spinally The spinal gallop well observable the dog, when 
after cervical spinal section the period over. Harmless 


pressure applied the plantar pads, even single hind-foot, will then 
evoke the extensor thrust all four the limbs The 
brief backward thrust the hind-limbs accompanied similarly 
timed outreaching thrust both fore-limbs forward. picture 
presented the reaction even the animal lies its side the stall 
unmistakably the extension phase the gallop. followed 
all four the limbs brief active flexion each limb. this 
extensor the gallop the gastrocnemius can felt and seen 
actively involved, and the knee the contraction, quite differently 


from the postural reflex, spreads far beyond crureus. 


short, this ipsilateral extension reflex which the labyrinth system 
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impresses into geotropic service for limb, exhibits 
quantitative grading somewhat different from that the prototype 
muscle-centre envisaged earlier. these great extensor muscles 
the reflex grows strength and changes its 
functional scope passes over from the restricted field slow red-muscle 
motor-units large reserves quick pale-muscle motor-units which 
are fact the main masses these large extensor muscles. These 
latter motor units are, judge from gastrocnemius, individually 
more powerful than those the red kernel muscle thrice 

Thus, the majority the extensor units ankle and knee appear 
antigravity units held reserve for such work the run, the gallop 
and the jump. ankle, the cat, some 1,100 stronger units held 
reserve behind 230 weaker ones. contraction power the reserve 
very high. isometrically measured the ankle cat, 
kg. reserve contraction ankle and knee together and for both 


hind-limbs isometric contraction-tension some 170 kg. for 
cat its quantitative grading the reflex seems extend its 


grasp from slow-contracting, less powerful and more 
motor units more rapidly-contracting, more powerful, sense less 
economical units for more occasional 

are fortified tracirg this reflex through its 
graded scale, from weak strong, single functional entity, 
since there ground now for regarding the postural contraction 
tonus contraction essentially different from that other forms. 
the same rhythmic process but slower rate. This slowness may 
account for difference which has sometimes been thought quali- 
tative between postural tonic and other contraction, namely, relative 
exemption from fatigue. The relative slowness firing may 
itself account for that. Slow firing the motor nerve, experiments 
Lady Briscoe demonstrate, avoids and even allows recovery from 
fatigue, which faster firing induces rapidly. 

The importance posture emphasized sometimes saying that 
the starting-point and the end-point for every movement. But 
posture, Ramsay Hunt remarks, accompanies movement like 
Stanley Cobb writes that coalesce and 
often cannot apt illustration, familiar the labora- 
tory, the posturing the spinal scratch reflex. The artificial flea 
the form faint faradic current applied for instance the skin 
behind the ear. This electric tickling excites the reflex, probably 
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through the superficial nerve-endings round the hairs, for after shaving 
the skin the reflex difficult get hind-foot breaks 
out into its scratching, arhythmic movement which involves digits, ankle, 
knee and hip. Alongside this movement and just much part 
the reflex, posture maintenance flexion the limb 
whole, along with steady incurvation the body toward the stimulus 
side, the neck deviated and the head partly turned back, that the foot 
more readily may reach it. All these are quite steady reflex postures. 
Some the muscles actually engaged the rhythmic movement seem 
posture well movement, posture and rhythmic con- 
traction together the same muscle. The posture not merely alternates 
with the movement but accompanies and dovetails with it. Our 
earlier schema reflexly excited motor centre pictured the moto- 
neurone pool that single muscle; but even the simplest flexion 
reflex excites several muscles, and from threshold up. Lorente 
recording graphically the contractions the individual eye muscles, 
shows that every labyrinth reflex acting the eyes employs all twelve 
muscles together. With the flexion reflex the limb excited from any 
efferent nerve the limb, the flexion plurimuscular from the very 
outset Thus, with small digital nerve minimal stimulus the 
muscular response starts simultaneously ankle-flexors and knee-flexors 
and hip-flexors together, and on. Thus, from the point view the 
spinal reflex, motor-unit say anticus has closer functional 
alliance some semitendinosus and tensor femoris than 
many the fellow motor-units its own muscle. The simplest spinal 
say, movements, not muscles. 

The tiny skin spot stimulated the spinal scratch reflex brings 
into action whole array muscles. the spinal cat, wholly 
insentient preparation, they can freely laid bare and 
their activity. Without exhaustive search soon reach thirtv- 
six nineteen rhythmic action five beats second, seven- 
teen steady, i.e., postural action. The rhythmic beat 
tetanus lasting about sec., followed sometimes long 
enough for complele relaxation from the tetanic beat. The rhythm 
not generated the cutaneous nerve-ending—the hair-endings—for 
occurs faradizing other rhythms the afferent nerve itself, and 
indeed quite easily electrical stimulation applied the cut cross- 
surface the top the spinal cord itself Nor rhythm 
developed, was suggested above for clonus, retropulsive effect 
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Fic. 11.—Macacus rhesus, which the posterior roots the 5th, 6th, 7th, and 
8th cervical and 2nd and 3rd thoracic nerves right side had been severed intradurally 
nine days earlier. Limb not used, and has been unused for week under ordinary circum- 
stances (figs. and D). exceptional occasions, e.g., under excitement, the arm 
attempted made use of, but wildly misdirected (fig. attempt climb parapet 
Stimulation the corresponding motor cortex detected impairment, even the 
finger movements, electrically evoked from cortex and compared with normal side. 


Brown and Sherrington.) 
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from the operating muscles themselves; that clear, 
reflex persists after the whole the scratching limb has been desensi- 
tized severance its posterior nerve-roots. The rhythm clearly 
central origin, with its seat the hind-limb region the 
not easy say what tunes such rhythm, since timed 

does not stand alone this unexpected 
independence actual local peripheral reflex guidance. note- 
worthy that scratching,” the pinna the shake 
are not elicitable seemingly any stimulation the cerebral 
cortex. They are, however, exaggerated after destruction the cortical 
area.” 

surprising find the movements evoked stimulating the 
motor area the cerebral cortex not obviously impaired complete 
desensitization the limb itself. movements are upset the 
extreme. the monkey the desensitized limb practically useless, for 
prehension quite so. The animal soon treats useless and 
encumbrance worse than attacks and would tear away, 
Yet, when the motor cortex examined electric stimulation, not 
only does evoke the deafferented arm and hand the customary 
movements just readily usual, but those movements reveal 
obvious departure from their usual co-ordination. They can com- 
pared with the movements evoked corresponding cortical stimulation 
the normal fellow-limb and reveal abnormality. seemed 
Mott and myself our observations now long since. has 
seemed again Dr. Denny-Brown and myself, applying recent 
myographic and galvanometric technique sample muscles. Wild 
inco-ordination under willed action; abnormality under 
the action the directly stimulated motor cortex. striking contrast. 
One may reiate the probably very direct play the pyramidal 
tract upon the motoneurones caveat against accept- 
ing the movement excited electrically the motor cortex any close 
homologue willed one. seems unimpaired desensitizing its 
limb the spinal scratch reflex itself. Thus, too, elemental 
difference revealed between the clonus rigidity, e.g., decerebrate 
rigidity, and the cortical post-stimulation clonus, the Jacksonian epilepti- 
form. The latter not affected deafferenting the muscles orindeed the 
whole limb; the former course entirely annulled. The intact 
proprioceptive which factor essential for the one, quite 


inessential for the other. 
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somewhat similar state things exists respect the stepping 
reflex; much that Graham Brown argues, from many 
observations, that the stepping centrally initiated and executed 
cyclic reflex essentially independent of—although modifiable by— 
peripheral stimuli. certainly often occurs quite absence all 
plantar foot stimuli, for instance, the air with all four feet 


FARADIZATION 


with scratching with stepping, the reflex can excited 
weak stigmatic unipolar faradization from the cut transverse face the 
spinal cord tiny area the lateral column, the stepping being 
for instance the hind-limb and the point stimulated the top the 
cord, the preparation decapitated cat. The scratch reflex will not 
alter its rhythm under either peripheral central stimulation, 
from cut face cord. But with stepping the weak faradic stimulus 
excites the hind-limb the same side stepping which from walking 
becomes running the stimulus made slightly stronger. tends 
accompanied feebler stepping the opposite hind-limb, agreeing 
rate with that the fellow-limb but oppositely timed that 


Fic. four records are from contractions the right flexor profundus digitorum 
fa M. rhesus. The 5th, 6th, 7th, sth cervical and Ist, 2nd and 3rd thoracic, dorsal roots 
this animal, were severed intradurally the right side, under deep and 
recovery allowed of nine days before the animal was again anesthetized, the left motor cortex 
explored, the muscle prepared and the following records made. 

The motor cortex was stimulated unipolar electrode with the indifferent electrode 
attached the left hind limb, and the stimulating current was series break shocks 
rate of 50 a second, delivered by a torsion wire key. The onset and cessation of the stimulus 
series are each shown the fall short circuiting key, the movement which causes 
step line the record. 

The onset, plateau, and termination contraction. The onset the stimulus 
series is marked by the step in the third line from the bottom, and the cessation of the 
stimulus marked the step the lowest line the record. Rate stimulus marked 
rippled line lower part the record. Regular waves second appear the 
i urrents. Time marked in vertical strokes at 1/50 sec. intervals 


ction ¢ 

Similar but showing the onset clonic after-discharge its usual 

The contraction response slowly repeated single break shocks the motor cortex 
second), beginning about six seconds before the record was made. The cessation tho 
stimulus series occurs the fall the line just below the galvanometer string shadow. 
show the separate mechanical contractions response each break shock stimulus, and the 
gradual development secondary action current waves accompanying the discharge 


each stimulus. The first beat epileptiform after-discharge also shown and typical 
every way common type after-discharge the contraction. Time marked 
vertieal strokes sec. intervals. 

Response long, latency time), produced slow series break 
shocks and with rhythm the stimulus showing the mechanical record. 
The cessation the stimulus (at step upper signal line) followed clonic after- 
discharge slow rhythm. Time indicated the rhythm the contraction response, 
which corresponds with that the stimulus (Denny-Brown and Sherrington.) 
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alternates phase with it, innatural locomotion. arranging two 
electric circuits two stigmatic electrodes can used with separately 
adjustable strength stimulation. then the right and left points are 
stimulated concurrently the cut face the top the cord, sub- 
liminal stimulation one found become effective applying 
subliminal stimulus the other. Galloping can obtained 
stimulating the two points concurrently with somewhat stronger 
stimuli. This stepping point lies the deep dorsal part the lateral 
column. If, while the stepping progress under excitation this 
point, weak stigmatic faradization applied the ventral part the 
ventrolateral column (probably vestibulo-spinal tract) the same side, 
the stepping once slows down stops. Stimulation this point 
when the dorsolateral point not being stimulated gives extension 
the same-side hind-limb. The dorsal point mentioned the 
point; the ventral point might called the standing 

point. vet have examined only the above-mentioned level. 
The right and left ventral column points when concurrently stimulated 
reinforce each other. The observations occur equally well with the 
stepping limb suspended, that is, with the proprioceptive stimuli the 
stepping limbs quite otherwise than when the limb 
superincumbent weight, also quite without plantar stimuli, the feet 
being the air. This complex act, with the various timings 
its sequence initiated and maintained excitation slender 
channel descending into spinal lumbar region from above, seems 
strangely independent, for guidance rhythm support, 
centripetal factors the limb the stepping point 
the lateral column starts the limb stepping and keeps going 
practically what pace likes. the antagonistic 
descending path slows the stepping and stronger stops and changes 
into standing. With stepping and standing incompatible opposites 
this instance where the reaction deals with the limb large lines, 
and suppresses one two incompatible reactions order bring 
the other, offers analogy reciprocal innervation. further illus- 
trates feature co-ordination which have insisted elsewhere 
namely, that for muscle muscle-group contracting does not 
exclude its being under inhibition. Let glance back, for instance, 
our generalized picture the excited motor centre, and take stage 
further inserting some inhibition. see once that the inhibi- 
tion counteracting according its degree less more the excitation, 
can slacken stop the firing some all the discharging moto- 
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neurones. Only the extreme grade which stops all the motor units 
will the inhibition reveal itself complete absence contraction 


the muscle muscle group. 
CONCLUDING REMARKS 


must not detain longer. would only remark that the 
present time seems promise for neurological investigation, 
both the clinic and the laboratory. Ithink the same feeling informed 
the penetrating and lectures given not long since 
Dr. Walshe possibilities sampling the individual 
nerve and motor unit opens out opportunity for advance. The 
activity, which for too long has been only statistical quantity, can yield 
some secrets its precise individual activities. 

then the present offer enhanced promise for neurological 
investigation, itis time which for that reason calls for close liaison 
between them. For effective co-operation one essential condition 
that clinic and laboratory lie near together. The laboratory word 
has the spot. Apropos this, dare think aloud,a reflexion 
natural this Where all the world could more 
fitting point for such liaison than the Institution, which, with its 
noble tradition teaching and research, enshrines within its portal 
with peculiar right the bust the great master whom our lecture 
to-day seeks pay commemorative tribute, Hughlings Jackson. 

have dealt very imperfectly with small bit large problem. 
have kept much within the purely experimental laboratory. The 
smallness the fragment disappointing. problem itself has the 
interest that, large is, speak more Hibernico—is larger still. 
Hughlings Jackson, his writings, turns back and forth between 
muscular co-ordination and mental experience, for him they were 
but aspects single theme. may that decipher how nerve 
manages muscle decipher how nerve manages itself. so, not 
without significance should what have just glimpsed, that there 
are the nervous system heights excitation and depths inhibition 
higher and deeper and with grades adjustment ampler than muscle 
with all its subtleties can commensurately express. 
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THE PHYSIOLOGICAL INTEGRATION 
PROCESSES WITHIN THE GREY MATTER THE 
NERVOUS SYSTEM: CRITICAL REVIEW. 

CREED, 


INT DUCTIO 

Section II] EXAMPLES DRAWN FROM SENSES OTHER THAN VISION cn sa 45 
Ri ES 


INTRODUCTION. 


common knowledge that sensory impulses not pursue 
uninterrupted course from the endings which they originate the 
sensorium. All paths ascending the cerebral cortex traverse grey 
matter least twice before they reach their destination and involve 
chains least three neurones. The function these synaptic con- 
nexions grey matter has been little discussed they appear frequently 
regarded more than relay stations which impulses are 
transferred new set nerve-fibres. reflection shows 
that such view totally inadequate and provides explanation 
their existence. 

Among those who have ascribed more definite functions them, 
Sir Henry Head especially worthy mention. his important 
work the regrouping impulses the central nervous system, 
elaborated the crude theory impulses being relayed, supposing 
that individual neurones the higher level gather impulses sub- 
serving some specific quality sensation irrespective the precise 
the gallery concert hall were fitted with series 


resonators, each which was tuned certain note. resonator 
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would pick peculiar tone, whether was produced the strings, 
the brass, the 

Head has further consistently advocated the view that integration 
another kind brought about these places, and has pointed out 
the facilities which they offer for interaction between various trains 
impulses. the one hand, combination summation excitatory 
processes different origin, and the other their mutual control 
modification, are what one would expect occur the analogy the 
properties grey matter exhibited reflex action. the present 
communication attempt will made collect from scattered 
sources the evidence regarding such interaction, discuss the bearing 
upon sensory phenomena concepts derived from the study reflex 
action, and emphasize the value these concepts working 
hypotheses which future researches the physiology sense-organs 
may profitably based. 

Before proceeding further, worth while remind ourselves that 
the integration sense-impressions derived from two more end-organs 
may sometimes brought about manner notably different from 
that observed reflex action. Sherrington has stressed this point 
the last chapter his book where summarizes the results 
his experiments with the binocular flicker lantern These, far 
from showing any considerable degree physiological interaction 
between the processes initiated each retina, revealed somewhat 
surprising degree independence between the apparatuses con- 
nected with the two eyes. far, any rate, the qualities brightness 
and flicker were concerned, the retino-cerebral apparatus belonging 
each eye was shown develop its own sensual image with hardly 
trace interference from processes simultaneously occurring the 
retino-cerebral apparatus the other eye. The fusion the two 
uniocular percepts, which bad each been elaborated independently 
their respective neuro-psychical mechanisms, form single binocular 
percept, appeared psychological process, with physiological 
basis interaction between their respective paths below the level 
which consciousness was adjunct. During binocular regard 
objective image each uniocular mechanism developes independent/y—at 
least steadiness brightness and intensity brightness—a sensual 
image considerable completeness. singleness the binocular 
perception results from the combining these elaborated uniocular 
sensations: the product therefore psychical synthesis that 


works with already elaborated sensations contemporaneously proceed- 
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|57, much though, the left and right lantern 
images, each were seen one two observers, with similar vision, 
and though the minds the two observers were combined single 
56). 

Sherrington’s experiments provided strong experimental support for 
the rather similar conclusions which Helmholtz had drawn 
from the facts binocular rivalry, and which McDougall had based 
his own experiments the revival faded after-images pp. 217- 
work binocular colour mixture and observa- 
tions Snellen, and van Heuven the relation 
between points the two have supplied addi- 
tional evidence pointing the same well-known 
more plausible explanation these lines than any the others which 
have been suggested (e.g., Fechner himself cit.) Allen 


6,5 

should mentioned, however, that Silva and Bartley have 
recently published paper which they throw doubt Sherrington’s 
interpretation experiments involving comparison uniocular and binocular 


brightness. They give some interesting curves showing the relative subjective 
brightness binocular field obtained fusing two unequally bright uniocular 
fields, compared with that the binocular product two fields, each the 
same objec tive brightness as the brighter ol the two preceding. 

But find follow the process reasoning which they 
regard their results contradictory Sherrington, whom they have apparently 
failed understand. They state that contrary the conclusions 
Sherrington, maintain that the two eyes function integratively regards 
brightness, although we concur with him that increments and decrements of 
intensity cannot perfectly correlated with increments and decrements 
signify this quotation, for its usually aecepted sense, implying the 
combining parts into whole, one who has experienced normal vision 
with two eves can doubt that tl ey so function. But if, as seems probable, 
they use synonymous with their findings 
hardly justify their and seem entirely compatible with 
nt that the value of a binocular brightness “is somewhat, but not far, 
above the arithmetic mean the values the two components 
find, for that uniocularly seen field taken standard, 
apparent alteration brightness when the corresponding area the 


much more important flicker experiments seem quite inexplicable 


except the hypothesis outlined above. 
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The purpose this digression, however, not much defend 
Sherrington indicate that sensual integrations may, and almost 
certainly do, occur consciousness, and work with already elaborated 
sensations percepts. The study such phenomena obviously 
matter for the experimental psychologist rather than for the physiologist 
therefore not included the present enquiry. Physiologists are 
concerned with the interplay excitatory and inhibitory material 
processes the synapses and cells the nervous system, and not with 
interaction between sense presentations. But interaction between 
nervous processes the various ascending paths the nervous system 
obviously differs from this psychical interaction and strictly physio- 
logical problem. From time immemorial 
recognized between the responses consciousness and muscles 
peripheral stimulation—as witness the many proverbs about worms 
turning. is, therefore, both interesting and instructive compare 
the sensations evoked appropriate stimuli with the mechanical 
responses movements unconscious animal purely reflex 
action. After-discharge, for example, equally characteristic both. 

this article, then, there will considered any interaction 
sub-perceptual physiological level between processes occurring the 
nervous system result stimulation peripheral receptors, whereby 
alterations are produced the sensations which such stimulation 
gives rise. The interaction may take various forms, such inhibition 
(the activity one set neurones inhibiting the simultaneous activity 
another set), temporal summation, areal summation, and occlusion, 
but many cases impossible the existing state knowledge 
specify what the exact nature and site the interaction may be. 

Since the eye has, for many reasons, been found the most convenient 
sense-organ for investigation, most the following pages will devoted 
examination experiments vision. Section deais with the 
retina and its central connexions; Section with 
mechanism and the physiological apsychical relations between the 
two retino-cerebral apparatuses. Section reference will made 


some cognate observations other forms sensation. 


SECTION VISION. 
view its development outgrowth the brain the 
embryo, and view the complexity its structure, which histological 
investigation has revealed the form elaborate system 


cells and synapses, would surprising the retina did not possess, 
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some degree, properties interaction and between its 
constituent elements, such are accustomed find the grey 
matter the central nervous system. few cases, has been 
found possible prove experiment that this expectation well 
founded. since most investigations optics have 
necessity carried out man, often impossible demonstrate 
conclusively whether the site any observed interaction the retina 
the paths connecting the retina with the sensorium. 

The human retina, indeed, offers advantages some respects, 
compared with the central nervous system the decerebrate decapi- 
tate animal, the investigation problems convergence. Its 
temperature, nutrition, and oxygen supply are less liable accidental 
fluctuation during experiment; easier grade stimuli both 
intensity and and the pitfalls incidental the use 
mixed afferent nerves the reflex preparation not beset the worker 
who applies only normal adequate stimuli his own rods and cones. 

There are least four distinct ways which physiological integra- 
tion processes originating neighbouring retinal areas may brought 
about. First, impulses from many rods and cones the peripheral 
parts the retina may impinge upon single bipolar cell, and many 
bipolar cells transmit impulses one ganglion cell. Chievitz found 
rods and cones connected with single ganglion cell point mm. 
from the fovea centralis human eye. Secondly, there are cells 
the retina with branching processes forming synapses with number 
bipolar ganglion cells pp. transverse con- 
nexions between the central paths the lateral geniculate bodies, 
thalamus, and occipital cortex may co-ordinate the transmission 
impulses through these centres. Lastly, the existence efferent fibres 
running from the brain the retina the optic tracts and optic nerves 
well established pp. 366-367 

Classification these anatomical lines being out the question, 
will found convenient group our examples the character the 
interaction which manifested. Where possible, the site which the 
interaction occurs will incidentally referred to. 


A.—Temporal 


That the intensity the resulting sensation some extent 
dependent the duration the light stimulus has been known since 
the time Plateau. Quantitative investigation has concerned itself 
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principally with the threshold intensity stimuli varying brief dura- 
tion. Charpentier particular, established that feeble lights, 
which are invisible when they act for less than 125 may made 
visible mere prolongation their time action. Summaries 
the conclusions other workers this field will found Parsons 
pp. 94-99], and Lythgoe Experiments the excised 
eye the conger eel Adrian and Matthews, have shown that the 
interval between the beginning flash light and the discharge 
impulses along the optic nerve varies inversely with the duration the 
flash. 

large proportion this summation may reasonably ascribed 
the accumulation products photo-chemical reactions the rod 
and cone layer the retina, rather than any process facilitation 
synapses. But since there much reason for believing that the 
excitatory process synapses the nervous system also represents 
some cumulative alteration physical chemical conditions 27; 
pp. would academic hair-splitting attempt rigid 
between these two mechanisms. the same way that 
prolonged after-discharge specially characteristic reflexes exhibiting 
temporal summation recruitment visual sensation long out- 
lasts stimuli brief duration. 


Spatial Summation. 


For over fifty years (see Parsons pp. has been 
known that the fovea centralis the threshold stimulus 
varies inversely with the area that stimulus Law other 
words, the threshold determined the total quantity light falling 
the fovea unit time. the other hand, the periphery the 
retina, where anatomical structure would seem indicate greater 
opportunity for spatial summation, such simple relationship between 
extensity and intensity has been found exist. According 
see Parsons, the stimulation value luminous surface 
for the dark-adapted periphery proportional the square root the 
area the retinal image. The law stated valid only for mixed 
white light, only for objects subtending between and 10°, and only 
for the dark-adapted eye. 

recent years, methods other than that threshold determination 
have been employed the attempt elucidate the question, and have 
served both confirm these earlier conclusions and amplify them. 
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important series papers, Adrian and Matthews have proved 
that spatial sammation occurs purely retinal process the excised 
eye the conger eel. action-currents the optic nerve 
stimulating the retina with light, they first showed that when the 
retinal image does not exceed mm. diameter the effects increase 
the size the image are the same those increased intensity 
illumination. The maximum frequency the discharge, and the 
latent period preceding the occurrence electrical changes the 
nerve, were both found determined approximately the product 
area intensity. 

later experiments with the same preparation they found that 
when the entire retina the conger eel exposed uniform illumina- 
tion, the action-current discharge the optic nerve may lose its usual 
irregular character after 5-10 seconds and may consist series 
regular waves with frequency which commonly varies between and 
and waning the number impulses the nerve fibres. follows 
that the ganglion cells the retina must all working unison with 
alternating periods rest and activity. that the 
discharges from the retina are due nervous interconnection 
between the ganglion support for this was 
afforded the fact that strychnine favoured the occurrence the 
discharge. 

evidence interaction between retinal neurones was 
obtained illuminating four small areas the retina. When four 
taneously, the reaction time the optic nerve discharge shorter than 
when any one the points illuminated causes 
increase the range over which this interaction can occur, and 
conclude that due nervous summation the synaptic 
layers the The view that the interaction here process 
nervous summation also indicated Granit’s demonstration 
similar phenomenon the human retina, evidenced flicker 
observations. Using four circular images, each subtending visual 
angle and with space visual angle separating each from its 
neighbours, has compared the critical frequency for extinction 
flicker when all four are illuminated with that when only one patch 
bright. five observers found the former value invariably higher 
than the latter when point 10° from the centre the 
was fixated. With illumination figures 
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actually obtained varied from 29°19 and 26°06, 20°95 and 
respectively. The same effect was observable with illumination 
m.c., and was still present when the patches were 1°4° apart. 
With central fixation, only the merest trace interaction could 
This precisely what might anticipated from the 
differences structure between the centre and the periphery the 
retina. 

that, for any given constellation, the reaction time longer after than 
before strychnine. difficult attribute this depressant action 
the drug the receptor elements, since strychnine enhances the 
power light perception man may perhaps indicate the 
occurrence some interaction quite different nature from simple 
summation. 

Granit and Harper have also made detailed observations the 
influence area (A) stimulus critical frequency (n) for extinction 
flicker number different intensities (1) stimulus. These 
show that, both the centre the field vision and 10° from the 
fixation point, the following relation between and holds for objects 
where and are constants. The value higher the periphery 
than the centre. The relationship clearly suggestive the well- 
known Ferry-Porter Law relating and increase area, 
fact, exerting the same sort influence increase intensity 
ef. Exner 

even more striking result these experiments that, for given 
parts the retina over wide range values not 
true the centre, and further illustration the summative 
powers the periphery. very high values increase 
does not result corresponding decrease may readily 
and Piéron have also produced evidence that the peripheral parts 
the retina possess much greater powers areal summation than 
does the fovea. The physiological consequences convergence 
many nerve paths common path are thus well exemplified the 
eye. 

When more work along these lines has been accomplished, may 
possible specify the conditions under which each the three 
recognized types effect convergence, viz., occlusion, algebraical 
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summation, and overlap subliminal excitation ganglion cells 
elsewhere [see 24], likely occur. The results Piper and others 
the relation between area stimulus and threshold intensity will 


then easier interpret. 
C.—Simultaneous Contrast Phenomena. 


Helmholtz, among others, has denied that there any physiological 
basis for simultaneous contrast. Pure simultaneous 
says 252], “is dependent alteration, not sensation, but 
Psychological factors undoubtedly play part, and 


some experiments (e.g., that described Waller large part, 
the phenomenon. But many independent proofs have been adduced 


which demonstrate apsychical low-level interaction important 
element. 

One the most convincing confutations Helmholtz’ view the 
well known experiment Hering which sometimes erroneously 
attributed Burch who merely elaborated red field 
viewed with one eye and blue field with the other. When these two 
fields are binocularly combined, they appear homogeneous purple. 
each field placed grey cross. The cross which surrounded 
the red field appears green, and that surrounded the blue field appears 
yellow, although introspection unable analyse the 
ground into its two components. The apparent colours the two 
crosses are therefore induced them before the binocular colour fusion 
has occurred and cannot attributed error 
Conscious judgement could only contrast the crosses with the homo- 
geneous field and both should appear the colour complementary 
purple, viz. yellow-green. Hering concludes that colour contrast not 
dependent psychological factors but the physiological processes 
set the external light each single half the organ vision (in 
the widest sense this 

Sherrington has also devised number ingenious experi- 
ments demonstrate reciprocal physiological relation between units 
the retino-cerebral apparatus such that activity the apparatus 
connected with point retinal surface affects the reactions the 
apparatus belonging the retinal area circumjacent about The 
experiments are performed with rotating discs. The neatest perhaps 
one which the disc divided diameter into black half and 
yellow half. this background are two narrow rings, each which 
half black and half light blue. one ring the black surrounded 
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black and the blue yellow, while the other the relations 
between ring and background are reversed. rotating the disc, 
flicker found cease the first ring speed (e.g., revs. per 
sec.) which still well marked the second (requiring revs. 
per sec. for extinction flicker). The background both these speeds 
completely confused, not fused, that cannot decided 
introspection that there any difference between the relations the 
ring segments their backgrounds. Moreover, speeds 
completely abolish flicker the rings, the first ring appears definitely 
darker than the second. The blue segment the yellow ground 
evidently being darkened, and the blue segment the black ground 
being brightened, simultaneous contrast. And this areal induction 
obviously occurring sub-perceptual level and cannot attributed 
conscious judgement, since introspective analysis the objective 
data possible. 

Allen’s researches sensory are chiefly 
important for their bearing the problems colour vision. But they 
also represent notable contribution tothe subject this article. 
measuring the critical frequency for extinction flicker 
patches monochromatic spectral light under various conditions, 
has shown for example that stimulation one area retina 
induces alterations the apparent luminosity certain parts the 
spectrum seen with other regions the same retina. With the 
exception six equilibrium patch monochromatic colour 
any wave-length between 740 and 410 causes enhancement 
the red, green, and violet colours when the latter are examined the 
flicker method neighbouring parts the retina. The predominant 
enhancement the portion the spectrum complementary the 
colour. When white light and darkness are used stimuli 
instead colours, enhancement the whole spectrum results. Under 
certain conditions depression has also 
been demonstrated. 

The connexion between these experiments and the phenomenon 
simultaneous contrast sufficiently clear make further comment 
unnecessary. Whether the mechanism responsible for effects 
situated the retina the brain remains proved. 

Successive contrast may explicable—in part least—in similar 
way. For Allen finds that after monochromatic stimulation area 
retina, the sensitivity that areais depressed for light the same 
wave-length the fatiguing colour, but enhanced for that other 
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colours. There are obvious analogies between successive contrast and 
reflex rebound, but since neither phenomenon all fully understood, 
would unwise press the analogy far. 


D.— Inhibition the Retino-Cerebral Apparatus. 


Miiller has described, under the term Liebermannsche 
the occurrence inhibition the cone mechanism 
the rod mechanism. The idea was suggested him Paul von 
Liebermann explanation certain features the central scotoma 
twilight vision. The researches himself and his associates the 
sensation-time narrow feeble stimuli moving across the field vision 
provided evidence its favour. 

Granit has made extensive investigations the duration 
different areas retina. was led the conclusion that the un- 
expectedly short duration the after-effect under certain conditions 
which both rods and cones have been excited must attributed 
inhibition the latter mechanism the former. Grindley has 
recently criticized this interpretation because could find evidence 
such influence experiments carried out different method. 
His argument based the doubtful assumption red light 


wave-length greater than about 6,700 A.U. stimulates only the cones 


the and not the rods. 

another kind forthcoming from experiments Creed 
and Granit published 1925 The aim the research was 
study the factors influencing the latent period preceding the develop- 
ment ordinary negative after-images. Only such observations 
have direct bearing the present argument will referred here. 

The experiments were carried out photographic dark-room 
single opal-glass electric lamp one end the room. 
Against the evenly black wall the opposite end the room, white 
circular dises, provided with fixation point, were observed binocularly. 
the end the fixation period (fifteen seconds) the experimenter 
lowered screen (of the same white the object) over pulley, thereby 
covering the disc. The observer rapidly directed his gaze 
fixation mark placed the middle the screen and arranged 
directly over the mark previously fixated the disc. soon 
saw the negative after-image appear, said On,” and the experi- 
menter, who was provided with stop-watch, noted the time. For the 


next observation, experimenter and observer changed places. 
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When experiments were made with discs varying size the 
centre the field vision, was found that the latency progressively 
shortened the visual angle subtended the disc was increased from 
about about subtending 6°, however, showed 
renewed lengthening the latency, often amounting more than 
second. further increase the size the disc, the latency again 
shortened. The most interesting feature the experiment was the fact 
that the after-images discs subtending 6°, the edges 
whose images were falling region where rods were replacing 
cones the predominant receptor cells, showed longer latency than 
did those larger and smaller discs. This gave 
secondary rise graph which latency was plotted against visual 
angle. 

occupies this position the curve most observers. Its edge falls 
what may termed the transitional area, where the latent period 
longer than that areas more central and more peripheral. One might 
anticipate, therefore, that the after-image would first appear ring 
about cm. diameter and then, either gradually, perhaps once, 
spread inwards and outwards until the disc was complete. practice 
nothing the kind occurs. There sign negative after-image 
the end the latent period characteristic 12-cm. Not until 
second later does the after-image appear, and seen from the 
first dark The edge seems the determining 
factor, and the after-effects consciousness previous stimulation 
areas retina within that edge seem inhibited for about second. 
The finding sheds some light the means employed overcome the 
difficulty possessing the retina two structures (rods and cones) 
different sensitivity and functions, and combine them use 
single sensory organ. For are right interpreting the hump 
due the excitation rods, have here the transitional area the 
rod mechanism coming into action overwhelming force and actively 
inhibiting the after-effects which would otherwise have followed stimu- 
lation cones. 

When similar experiments were made with the centre each disc 
em. (4° 12’) one side the fixation point, the results were entirely 
different. The latent periods for all sizes were found exactly 
the same. these experiments the images discs em. and 
more diameter must have fallen partly the fovea, and when the 
diameter was more than cm. they overlapped the fixation point. The 
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facts that the latency was not then lengthened and that the after-image 
was seen complete whole from the moment its first appearance, 
afford further evidence the rods being the controlling power when 
large number rods and small number cones are stimulated 
together. the conditions were reversed, might perhaps possible 
obtain evidence extensive stimulation cones inhibiting the 
after-effects restricted stimulation rods, but have evidence 
this point. 

The experiments just described supply indubitable evidence inter- 
action, but should pointed out that the nature that interaction 
may conceivably summation and not inhibition. Ebbecke’s view 
correct, viz., that negative after-images indicate central reaction 
antagonistic retinal after-stimulation, would seem that the longer 
latencies our experiments indicate longer duration the retinal 
excitation which precedes the swing-back the pendulum. (In this 
event, the short latencies with discs subtending must mean inhibi- 
tion affecting the most central areas.) According other theories, such 
[46, there essential difference between the 
mode causation positive and negative after-images. There thus 
every reason for adopting the traditional cautious attitude physiologists 


drawing precise conclusions from observations after-images 


INTERACTION BETWEEN THE 
RETINO-CEREBRAL APPARATUSES. 

has been pointed out already that the integration sense im- 
pressions derived from corresponding areas the two not 
necessarily physiological process all, but may psychical synthesis 
previously elaborated uniocular percepts. Many the older writers, 
though not all, attempted explain the binocular sensory mechanism 
entirely terms physiological interaction innate antagonism 
between nervous processes initiated the two retinw. Thus, Fechner 
summarized his conclusions binocular brightness and colour mixture 
saying zwischen beiden besteht ein antagonistisches 
according which rivalry really occurring even with similar right 
and left uniocular images, may regarded further development 
theory. Panum [50, his classical work the 
prevalence contours binocular rivalry, followed Roger Bacon 
Newton Johannes Miiller imagining that the impulses 
from corresponding the two converge common 
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centre point the sensorium, and that this convergence the con- 
ducting paths explains the singleness the binocular percept. For 
able account the views early writers, the reader referred 

None these lines reasoning commended 
Helmholtz, who [37, found impossible explain the influence 
attention binocular rivalry without assuming that the content 
each separate field reaches consciousness without being fused with that 
the other field means organic mechanisms, and, accordingly, 
that the fusion the two fields one common image, when does 
occur, psychical act.” 

Sherrington’s experiments leave room for doubt that binocular 
fusion essentially psychical phenomenon and not due any low- 
level confluence the twin paths from the The cerebral 
seats right-eye and left-eye visual images are shown separate. 
Conductive paths doubt interconnect them, but are shown 
unnecessary for visual unification the two 383 

now pass consider what evidence there for the existence 
such connecting paths, and what functions can assigned them. 
For they only can concerned the interactions which are 
discussing. Binocular colour mixture and brightness fusion must 
excluded from the argument, since have direct means knowing 
what extent the synthesis these cases combination sensations 
existing contemporaneously consciousness, and what extent 
sub-perceptual physiological process. 

Interaction physiological level was evidenced small degree 
some Sherrington’s flicker observations. When, for instance, 
alternations light and darkness the two uniocular images were 
arranged opposite phase, flicker was found abolished 
very slightly lower critical frequency (e.g., 95°8 per sec.) than when the 
observations appears that similar phases flickering illumination 
timed fall coincidently conjugate retinal areas very slightly 
reinforce each other sensation, and timed exactly alternately 
very slightly mutually reduce. But the broad outcome the observa- 
tions that far from bright phases one eye effacing dark phases 
the corresponding spot the other eye, there hardly trace any such 
interference. judge from its absence influence the flicker rate, 
the dark phase incident retinal point does not, regards sensual 
result, modify the bright phase synchronously incident the conjugate 
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retinal point A’,and conversely. the brightness the bright phase 


the darkness the dark phase were lessened A’, the rate 
frequency stimulus for extinction flicker must fall. But except 
minute and perhaps equivocal degree does not 365]. 
Here then slight, but almost negligible, evidence for some degree 
convergence interaction between the two retino-cerebral paths. 

further clear evidence physiological interaction appears 
have been forthcoming until 1923, when Allen fatigued one eye with 
monochromatic spectral lights. then found, measurements 
the critical frequency for extinction flicker, that the brightness 
certain parts the spectrum (in the red, green, and violet) was enhanced 
for the other eye some reflex The effects were similar 
those described above occurring other areas the same retina, 
and the same six equilibrium colours were devoid effect. also 
found that the effect darkness adaptation one eye upon the other 
Gellhorn has also described alterations the excitability one 
eye following stimulation the other. 

Allen suggests that the sensitivity the rods and cones the second 
eye may reflexly increased impulses reaching them 
running directly from one optic nerve descend the other. There 
appears, however, good evidence for the existence such 
nervous commissure between the two The site 
the interaction must, therefore, central—in the thalamus, lateral 
geniculate body, cortex. seems unnecessary postulate any 
change the receptors the second eye, but their excitability 
affected, the efferent pathway may well the fibres 
outwards the retina the optic tracts and optic nerves. 
least equally probable that the whole effect central, and that some 
influence the transmission excitatory processes through the grey 
matter the central nervous system exerted the contralateral 
retino-cerebral apparatus. 

Other experiments demonstrating interaction between the two 
uniocular mechanisms have been published Creed and Harding 
The principal object the investigation was determine how the 
time-relations the negative after-image simple white object, seen 
uniocularly, might modified projecting the after-image 
screen presented the other eye. The technique adopted was much 
the same that Creed and Granit, and need not again described 


detail. 
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preliminary experiments was found that the latent periods 
preceding uniocular after-images projected into complete darkness are 
much longer than those preceding binocular images similarly projected. 
The uniocular mechanisms, therefore, reinforce one another sub- 
conscious level for purely psychical combination independently 
elaborated uniocular percepts could binocularly aroused after-image 
become visible time when nothing but homogeneous dark field 
would seen with either eye acting alone. 

series fifteen experiments was observed that when uni- 
black-projection after-image rivalry with white field 
presented the other eye, appears earlier than when, the absence 
any stimulus the other retina, might expected develop with 
less hindrance. The conclusion seems inescapable that somewhere 
interaction occurring between the retino-cerebral apparatuses the 
two eyes, and that the formation image plain white screen 
one retina facilitating the early development after-image 
white object previously presented the other eye; for, the time 
when the after-image first seen, nothing but uniformly dark field 
would visible with the latter eye acting alone, and nothing but the 
white screen with the former eye acting alone. psychical fusion 
rivalry rectangular white screen with uniform dark field could not 
produce negative after-image circular disc. 

can hazard guess the site nature the interaction 
these cases. The mode production after-images still 
uncertain that impossible say whether inhibition summation 
some more complicated process should invoked account for the 
results. should emphasized, however, that the validity this 
argument for interaction not bound with any particular theory 
the seat and mode causation after-images. There alternative 
interaction between the retino-cerebral apparatuses the two eyes, 
sub-perceptual level the brain, the explanation the results. 

Tosummarize, clear that binocular fusion and rivalry, whether 
contours, brightness, colour, are mainly psychical pheno- 
mena involving interplay between sensations and percepts. 
appreciable convergence the conducting paths from corresponding 
areas the two form common path the sensorium, 
and low-level connexions between the two paths are not required 
accomplish the synthesis sense impressions derived from the two eyes. 
Some Sherrington’s experiments, however, revealed trace inter- 
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Allen demonstrated the effects stimulation and darkness adaptation 
one eye upon the luminosity spectrum seen with the other eye. 
These must play some part such phenomena 
experiment and binocular contrast, though possibly their 
tends over-estimate their importance these connexions. 
Creed and Harding have supplied further proof interaction between 
the two retino-cerebral apparatuses evidenced effects the time- 
relations negative after-images. There can therefore doubt 
about the existence functional inter-connexions, such Fechner, 
Hering, and others had unjustifiably assumed regulate normal vision. 
Further work required elucidate their precise binocular 


vision. 
DRAWN FROM SENSES OTHER THAN VISION. 


Henry Head has provided with many excellent examples 
physiological interaction between simultaneously occurring excitatory 
processes the various sensory tracts the spinal cord and brain, 
whereby the arrival the sensorium impulses subserving certain 
forms sensation (especially cold and pain) inhibited. For full 
account his experiments, observations, and inferences, his collected 
works should consulted. Only very brief summary some 
his more outstanding contributions the subject under discussion 
will here attempted. 

There seems little room for doubt about the interpretation his 
experiments the sensitivity hot water the glans penis (1908; 
pp. 275 and 325). some individuals the tip this organ quite 
insensitive heat, though well endowed with endings responding 
painful cold. There appear heat spots except 
the neighbourhood the corona. Vessels containing water various 
temperatures were raised until the surface the water covered the 
glans but did not touch the foreskin. Contact with the fluid was not 
appreciated if, therefore, the temperature the water was such that 
did not produce sensation heat cold, the subject was unaware 
that anything had been done. with water between 26° 
and 38° C., sensation any kind was produced until the foreskin 
was reached. Water 38° over the tip and body the glans 
produced slight 40° C., unusually disagreeable pain about 
13° C., became extremely painful. When the water was raised 
45° C., the pain was great extent displaced vivid sensation 
cold paradoxical cold But, soon the water covered 
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the corona without reaching the foreskin, both cold and pain disappeared, 
giving place exquisitely pleasant sensation heat. The impulses, 
which must have been evoked from the end-organs for pain and for cold 
contact with the water 45° C., were inhibited those consequent 
stimulation the heat spots. 


attribute this inhibition pain cold, and pain 
and cold heat, psychical interaction between sensations per- 
cepts. matter universal experience that the immediacy and 
urgency pain are such that tends monopolize the whole attention 
individual. Only under conditions quite exceptional excitement 
(and, perhaps, also long and careful training, Pavlov’s con- 
ditioned reflexes response stimuli which normally evoke pain 
pp. can pain driven out consciousness other 
psychological events and processes. Normally, pain any considerable 
severity absorbs the whole mind and renders the perception other 
sense impressions indistinct and difficult. seems fairly certain, there- 
fore, that the pain impulses Head’s observations never reached the 
level which consciousness affected. The passage impulses the 
pain tracts was inhibited apsychical level excitatory processes 
occurring simultaneously result the stimulation heat and cold 
receptors. 

Head finds reason believe that similar integrative mechanism 
normally work regulating the passage all sensory impulses from 
the skin and deep tissues the sensorium. The phenomena intensi- 
fication and peripheral reference, which are marked features pain 
impressions certain stage the recovery cutaneous sensibility 
after division peripheral nerve, are believed him due the 
early restoration function primitive protective sensory mechanism 
which calls protopathic. Only later does the discriminative 
epicritic system (subserving light touch hairless areas and certain 
aspects temperature sensibility) activity. The latter 
system controls, and large extent inhibits, the impulsive activity 
the former, which alone present the skin covering the glans penis. 
The strange sensory responses which are elicitable from such areas are 
due release protopathic function from the control normally exercised 
the epicritic system. 

Similar conclusions about the inhibition pain have been reached 
and disease the nervous system. states, for example: Der 
inhibitorische Einfluss der Empfindungssysteme auf die Erregbarkeit 
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des Schmerzsystems muss nun aber ausser den Hinterhornsegmenten 
auch noch anderen Stellen des Schmerzsystems angreifen. Wir 
beobachten Spontanschmerz, Schmerzirradiation und Hyper- 
pathie auch bei Unterbrechung der langen aufsteigenden Hinterstrang- 
bahnen. Bei einer der letzteren der des 
sechsten Dorsalsegmentes kommt z.B. einer Hyperpathie aller 
infraliisionellen Dermatome (loc. cit., 164). 

The determination the anatomical site this interaction presents 
some difficulties. may due part the passage inhibitory 
descending impulses from the cerebral cortex lower parts the 
central nervous and part transverse communications 
between the afferent tracts their way towards the thalamus and 
cortex. That important cortico-thalamic inhibitory paths exist seems 
clear from the clinical study lesions involving the optic thalamus and 
isolating greater less extent from the cerebral cortex. The 
so-called thalamic first described Dejerine and 
Roussy and since studied detail Head, Foerster and others, 
has one its salient characteristics acute pains the half the 
body opposite the lesion. The pain commonly spontaneous, per- 
sistent, paroxysmal, often intolerable, and yields analgesic treat- 
ment. lateral part the optic thalamus the organ through 
which the cortex can influence the essential thalamic centre, controlling 
and checking its activity. The excessive response affective stimuli, 
prominent feature lesions this situation, not due irritation 
but removal cortical (Head and Holmes, 1911; Op. cit., 
597). Stopford has argued that the first the two stages 
recovery after division and suture peripheral nerves due the 
thalamic sensory mechanism coming into play before the cortex has had 
time readjust itself new conditions. 

Foerster postulates whole series inhibitory paths descending 
from the sensory cortex all levels the nervous system. Wir 
haben von den Hemmungsmechanismen, welche auf das Schmerzsystem 
einwirken, bisher nur des afferenten perzeptorisch-epikritischen Systems 
vedacht. Ich habe aber den vorangehenden Kapiteln bereits mehrfach 
darauf hingewiesen, dass wir Grund haben, anzunehmen, dass eine 
corticofugale, also efferente Schmerzhemmungsbahn gibt, die vom 
Cortex cerebri den einzelnen Stationen des Schmerzsystems, zum 
Thalamus opticus, zum Grau der Formatio reticularis and den 
spinalen Hinterhornsegmenten (loc. cit., 166). 
even implies that the peripheral receptors themselves are normally 
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sind unterschwellige fiir die Schmerzrezeptoren. Wenn aber 
durch den Ausfall der die des 
Schmerzsystems betriichtlich erhOht wird, bilden diese 
fiir die Schmerzrezeptoren nunmehr einen iiberschwelligen Reiz, und 
kommt zum (p. 162). 

But can find proof the occurrence such descending paths 
below the level the thalamus. The facts can equally well 
explained interaction between the ascending processes the spinal 
cord, brain stem, and thalamus. thalamus undoubtedly highly 
important factor the integration sensory processes all kinds, and 
probably the principal site the interactions have been consider- 
ing. Its importance well expressed Foerster the following 
sentences (p. Ich habe darauf hingewiesen, dass der 
opticus nicht nur als funktionelle fiir das Schmerzsystem der 
kontralateralen bzw. beider aufzufassen ist, 
sondern auch fiir alle afferenten Systeme des Organismus iiberhaupt, 
fiir alle sensiblen und sensorischen Systeme. Das kommt dadurch zum 
Ausdruck, dass bei Herden, welche die Schleife unterbrechen, Spontan- 
schmerzen durch einen sich ganz geringfiigigen nicht schmerzhaften 
sensiblen der irgendwo angreift, aber ebenso auch 
durch irgendeinen Sinnesreiz, einen acustischen, olfactorischen 
oder Geschmackreiz ausgelost oder werden 

are less certain ground when attempt find evidence 
interaction taking forms other than inhibition. But least two 
examples summation may given. 

Spatial summation exemplified the familiar effect area 
the intensity the sensation evoked thermal stimulus 

stimulant moving object. The effect consciousness 
parallel the reflex effect the spinal animal, which Sherrington has 
graphically described thus. subliminal stimulus applied 
point will render subliminal stimulus applied point near 
supraliminal the second stimulus follow within short time, 
e.g., 500 The space receptive surface across which this can 
worked out unipolar application the induced current through 
stigmatic electrode—fine gilt entomological pin. that way numerical 
values can assigned the results. But the phenomenon character- 
istically and simply illustrated the difference between the potency 
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stimulus the edge card, say in. long, pressed simultaneously 
its whole length against the receptive skin-field, say for five seconds, 
and the other hand lightly drawing one corner the card along the 
same line the skin-field also for five seconds. The former application 
simply evokes reflex few beats, which then dies out. The latter 
evokes vigorous reflex that continues and outlasts the application 
the stimulus. successive line more effective stimulus than 
simultaneous line equal length and duration. The same 
thing seen with spur wheel. when the points are two 
centimeters apart, the spur wheel rolled over the surface successive 
summation occurs, and the reflex evoked the progress the wheel 
proceeds. parasite its travel produces excitation which but 
close below the threshold, its progress likely develop the 
excitability the surface whither passes that the scalptor-reflex will 
evoked. the skin and the parasite respectively have, doubt, 
two competing adaptations work. perhaps avoid the con- 
sequences the spatial spread the that the hop the 
flea has been pp. 184-185 

Finally, there remains considered series researches 
Allen and his associates the critical frequency for sensory 
fusion intermittent stimuli, when the latter are applied endings 
touch, taste, temperature, pain, and hearing. experiments 
represent successful application other senses method which had 
for long been found value workers vision. When flickering 
light observed, the critical frequency intermission, such that the 
image just loses its flickering quality and appears steadily illumi- 
nated, varies with the intensity the illumination. mathematical 
formula which expresses with considerable accuracy the relation 
intensity and critical frequency, found experiment, 


the Ferry-Porter law 


where critical frequency, duration each phase light 
darkness, intensity, and and are constants. 

When interrupted jet air pressure made 
impinge the skin 11], found that the critical frequency 
likewise increases with the intensity the stimulus (as measured 
the pressure the jet), and that the two can related the formula 
log Actually two fusion points are found for each 


pressure employed, and these probably correspond cutaneous and 
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deep end-organs. When plotted squared paper against 
against log two approximately parallel curves are thus obtained. 
When the skin area fatigued rubbing, both curves are shifted 
such way that lower frequency (higher value required for 
each value But the area under investigation has previously 
been very gently stimulated passing the tip feather lightly over 
for about ten fifteen seconds neighbouring skin areas 
are simultaneously being stimulated the curves are shifted 
the opposite direction. Allen interprets this asa reflex enhancement 
the acuity touch, comparable with the visual effects which were 
described Sections and this article. 

When the taste organs the tongue are intermittently stimulated 
with electric current, series four approximately parallel curves 
are obtained corresponding with the four primary sensations. 
slightly different formula required this case express the relation 
between the strength stimulus and the critical frequency, viz., 


where the quantity electricity passing through the tongue during 
each period stimulation. The normal curves may made shift 
either direction appropriate means, just was found the case 
touch; but have some difficulty understanding the criterion 
which Allen determines whether given shift indicates enhancement 
depression. inclined think that what calls enhancement 
really depression, and vice versa. 

rather different technique, involving measurement the 
increment sound which, when added the intensity tone 
previously emitted, just perceptible, similar evidence depression 
and enhancement auditory sensitivity result previous 
stimulation the ipsilateral contralateral ear has also been 
obtained 

Less easy interpret are the abrupt changes slope which are 
always found curves expressing linear relations between intensity 


and critical frequency. These curves conform 
equations 
Touch : D —k log P + « 


ob 
k log O+ ce 
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(The last equation also fits the values obtained electrical stimula- 
tion the endings cold, pain and pressure The occurrence 
sudden change slope, alteration the values the constants 
and intensity illumination with white light about 
metre-candle, has been recognized visual flicker experiments 
for the last thirty years, and has been attributed transition 
from cone vision rod vision low intensities 51, 104; 
also 

There seems doubt that this explanation must now abandoned. 
the first place, Allen finds that each graph vision (con- 
structed for monochromatic light) consists least three, and pro- 
bably five, branches, instead the two which had previously been 
described Porter, Ives, and himself. And the second place, 
inflexions precisely similar appearance are noteworthy features 
results obtained work other senses, such touch, taste, and 
hearing, where there reason for believing that the receptors are 
homogeneous group. each sensory system there some critical 
intensity stimulation which the rate response interrupted 

This fundamental discovery interpreted Allen 
the change may the receptor organs proper, which would 
indicate that definite intensity stimulation their sensitivity 
becomes greater less than before. Second, the nerve impulses may 
have freer more hindered passage through the synaptic resistance 
the reflex are when this critical intensity exceeded. 
vestigations indicate that the first these correct, 
and also lay bare the underlying cause the phenomenon. For when 
stimulus applied any receptor, not only does sensation result, 
but addition two sets reflex impulses are simultaneously generated 
released and conducted from the cortical centres the receptors, 
one which causes depression (inhibition) their sensitivity, and the 
other enhancement (facilitation). Through one range intensities 
depression exceeds enhancement, and through another enhancement 
exceeds depression. The stimulus whose intensity corresponds the 
point where the slope changes excites both depression and 
[12, 395]. later paper [8] the argument developed 
greater length. seems likely, however, that the second alternative 
will ultimately prove the right one, and that the phenomenon 


reality central effect. 
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CONCLUSION. 

abundantly clear that the afferent pathway from receptor 
organ the higher levels the brain not visualized tele- 
graph line—not even trunk line with relays various stages. The 
central nervous system acts this connexion much more than 
complicated telephone exchange. Messages brought into 
pheral nerve-fibres are not transmitted tothe sensorium anything like 
their original form. They influence, and are influenced by, other 
messages arriving from end-organs similar and diverse function. 
Sometimes they are inhibited cancelled, sometimes thev reinforce 
facilitate one another’s action. Always the message ultimately 
delivered depends upon the past and present events the transmitting 
system whole. 

Adrian has taught much about the way which excitation 
conveyed from sensory endings the central nervous system. But 
would mistake suppose that these peripheral events represent the 
physical basis perception and sensation the intact animal. Before 
the impulses reach levels the brain which consciousness 
they initiate, and are acted upon by, processes which modify toa greater 
less extent the pathways are ascending. Every relay, 
too, gives opportunity for alteration rhythm and for after-discharge. 

This physiological interaction between trains centripetal impulses 
has formed the subject our enquiry. needs, the present state 
knowledge, carefully distinguished from psychical interplay between 
already elaborated percepts, and the distinction cannot always drawn 
the basis our ability analyse sense presentation introspec- 
tion. Two flickering images, each seen uniocularly, may 
fused form single percept, and yet experiment has shown that the 
synthesis psychical one two mutually independent uniocular 
percepts. The inability separate the two introspection merely 
due their simultaneity. But many examples interaction the 
physiological plane have been brought forward, and their further study 
promises greatly advance our knowledge the functions the central 
nervous system relation sensory the past, far too 
little attention has been paid such integrative mechanisms most 
workers the physiology sense organs. 

quote again from Head [36, The forms assumed 

sensation are ordered and predestined the physiological level, 
the result innumerable integrations, which take place outside con- 
sciousness. These processes are not open conscious analysis only 
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the interplay sensations that can discovered introspection. The 
psychologist, who discover strict psychophysical parallelism, 
ignores the central link the problem. assumes that the nature 
and conditions the physical stimulus can brought into direct 
relation with the psychical act sensation. This fundamental 
error vitiates much the work the psychology the senses. 
only under artificial conditions that the physiologist can foretell exactly 
what reaction will follow given physical previous occurrences 
inthe tissue may entirely change the nature the response. 
tion, biphasic activity, and facilitation form normal part the vital 
activity the nervous system they may intervene between measured 
physical stimulus and the physiological effect, and make impossible 
establish direct and immediate correlation. Therefore, between the 
impact some physical force the tissues the body and the psychical 


act sensation, are interposed reactions, which, many cases, cannot 


physical stimulus transformed into various physiological reactions. 


the other end can observe the ultimate condition these impulses, 


the act subserving sensation, after they have undergone integration 


u 
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OTITIC HYDROCEPHALUS. 


has long been recognized that symptoms and signs increased 
intracranial pressure, including swelling the optic discs, may 
occasionally coniplication otitis media without the existence 
cerebral abscess, and may subside without surgical intervention. 
Taylor wrote 1890, “It important remember what 
has now been verified numerous cases, that mastoid suppuration 
there often double optic neuritis, with entire absence meningitis 
abscess, proved post-mortem examination, and recovery 
after simple trephining the mastoid 

certain these cases signs may present such hemianopia, 
aphasia hemiparesis, indicating local disturbance cerebral function 
corresponding with the usual situation cerebral abscess. Such 
cases, under the title pseudo-brain abscess, non-suppurative 
encephalitis, have been recorded Adson and Symonds 
the majority, however, localizing signs are absent and the clinical picture 
that increased intracranial pressure alone. with these cases 
that the present paper concerned. appears first 
have defined this group one which the signs increased intra- 
cranial pressure were associated with clear cerebrospinal fluid 
lumbar puncture. addition otitis media, recognized such 
causes head injury, overwork, alcoholism and influenza. con- 
sidered the condition benign form meningitis, which the 
choroid plexuses secreted excess fluid, and his 
category serous meningitis. 

Warrington his paper upon Intracranial Serous Effusions 
Inflammatory Origin,” published 1914, reviewed the literature 
that date and added some observations his own. agreed with 
all the writers the subject whose work reviewed regarding the 
condition form meningitis, clinically benign, but with clear 
line distinction from the more severe and suppurative varieties. 
regarded the meningitis inflammatory and infective origin, and 
noted otitis media the commonest associated condition. con- 
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sidered that although the cerebrospinal fluid might normal, protein 
and cells might increased, and the latter might lymphocytes 
polymorphonuclears both. The examinations the 
fluid are not inconsistent with the view that meningism, serous 
meningitis ependymitis sero-purulent meningitis are grades 
inflammatory reported four cases which symptoms 
increased intracranial pressure with optic neuritis were associated 
with otitis media, and which recovery occurred without any evacuation 
pus from the brain. two these focal signs cerebral involve- 
ment were present the form hemiparesis. the other two cases 
boy and man aged 54) the picture was that simple intra- 
cranial hypertension. none was the cerebrospinal fluid 
subjected microscopic and chemical examination. 

Appearing just before Warrington’s paper, but unnoticed him, 
Passot’s thesis dealt with the états méningés 
aseptiques This paper seems have attracted less 
attention than deserved. The author pleads for classification 
the non-purulent intracranial complications otitis media upon the 
basis chemical and microscopical examination the 
fluid. clear fluid may obtained two types case. the 
type the clinical symptoms are those mild meningitis and the fluid 
contains excess cells and protein. the other type the symptoms 
are those increased intracranial pressure alone, and the 
fluid, save for its increased pressure, normal. 

The former type may fairly termed serous meningitis; the 
latter, presenting neither clinical nor serological evidence 
inflammation, better called hypertensive state. this group 
(états méningés hypertensifs) devotes nearly one-third his paper. 

The condition, states, commoner children adolescents 
than adults; often occurs the course simple otitis media 
unassociated with any may completely relieved 
drainage the cerebrospinal fluid. rule there little osteitis, 
the roof the antrum intact and the dura mater under pressure, 
but healthy appearance. account the benign course the 
condition post-mortem evidence scanty, but congestion the choroid 
plexuses and cedema the ependyma and sub-ependymal tissues have 
been reported. Operative observations show excess 
fluid the subarachnoid space and the ventricles. lumbar 
puncture the distinctive features, addition the clarity the fluid, 
are its pressure and amount, both being greater than those obtained 
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OTITIC HYDROCEPHALUS 
early meningitis. Microscopical and chemical examination 
invariably shows normal cell and protein content. Clinically 
distinguishes two pictures. The one that simple increase 
intracranial pressure. There progressive development 
headache, drowsiness Nausea and vomiting 
are uncommon. Meningeal symptoms are absent rare. The 


temperature not abnormal, the pulse, first rapid, later becomes 
slow. The whole clinical picture more like that tumour abscess 
than that meningitis. Secondary optic atrophy and blindness may 
develop the condition increased intracranial pressure unrelieved. 
This clinical picture Passot believed corresponded with excess 
fluid the subarachnoid space rather than the ventricles—a 
meningeal hydrops (hydropisie The evidence presented 
favour this assumption that the increased intracranial pressure 
relieved lumbar puncture and that operation, one the cases 
quoted, incision the dura mater gave free flow cerebrospinal 
whilst puncture the brain (depth not stated) was negative. 

The alternative clinical picture, which assumed depend upon 
internal hydrocephalus, includes brief phase headache and 
drowsiness, with subsequent development hemiparesis convulsive 
seizures cortical type which may unilateral bilateral. 
and increased pressure the cerebrospinal fluid lumbar 
puncture are accessory phenomena and, present, indicate theco-existence 
meningeal hydrops. The development this clinical picture may 
acute subacute. The spinal fluid this (the hydrocephalic) 
the other (meningeal hydrops) variety clear, and normal its 
constituents. The treatment these hypertensive states should 
decompression evacuation spinal fluid. The condition being often 
associated with simple otitis media, there special indication for 
jntracranial exploration, nor even necessarily for mastoid operation. 
The state affairs quite different from that which obtained when 
clear cerebrospinal fluid contains excess cells and true 
serous meningitis latter should regarded preliminary 
mild stage purulent meningitis and treated accordingly radical 
operative measures. 

meningeal hydrops drainage lumbar puncture sufficient. 
Often single puncture will suffice, which case the procedure which 
establishes the diagnosis effects cure. the condition hydro- 
cephalus ventricular drainage necessary, either way the auricular 
wound through separate and clean field operation the sub- 
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temporal region. operation the one side fails relieve the 
symptoms, the other ventricle should also drained. This procedure 
advised the assumption that the hydrocephalus obstructive, the 
result adhesions obliterating the eftiuent channels from the fourth 
ventricle, and occasion blocking the foramina Monro. 

Passot’s observations seem establish clearly the occurrence 
clinical picture intracranial hypertension complicating otitis media, 
with normal cerebrospinal fluid. His distinction between the two 
varieties this condition—meningeal hydrops and hydrocephalus 
appears less securely founded. 

Aboulker divides aseptic meningitis into diffuse and hypertensive 
forms. the former the cerebrospinal fluid contains excess 
protein and mononuclear polymorphonuclear cells, and the sugar 
content diminished. The latter characterized excess 
normal clear fluid, realizing syndrome hypertension slight 
transient, well-marked and persistent even after eradication the 
bony disease and lumbar hypertensive meningitis 
may localized the subarachnoid space the ventriclar cavities, 
that say, may external internal. 

Several good clinical examples are recorded his paper, for instance, 
Case 17, that patient aged 20, who three weeks after mastoid 
operation developed severe headache with low fever bilateral 
lumbar puncture the cerebrospinal fluid was under 
increased pressure but clear and with abnormal constituents. The 
right temporal lobe was explored for abscess with negative result. The 
patient ultimately recovered. three the eight cases hyper- 
tension which records noted that recovery ensued after 
operative treatment the initial lesion (otitis media, mastoiditis) with- 
out intracranial exploration. 

Aboulker, considering the differential diagnosis between the 
condition which calls hypertensive meningitis and cerebral abscess, 
argues that abscess the evolution the symptoms slow and often 
silent, headache not prominent symptom, 
common, temperature variable, the patient often ambulant and 
when takes his bed usually drowsy. hypertensive meningitis 
the onset symptoms abrupt and the development rapid, headache 
extremely severe, constant and often accompanied 
hemorrhages, the temperature high, vomiting frequent and the 
patient confined bed account the headache. believes that 
the condition arises meningitis which the initial meningeal 
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symptoms are masked those severe hypertension. argues that 
the clear normal cerebrospinal tluid encountered this condition 
indistinguishable from that met with cerebral abscess. Therefore 
exploratory operation necessary establish the diagnosis. the 
case one hypertensive exploratory puncture the 
temporal lobe instead yielding pus will give flow clear 
under pressure from the subarachnoid space ventricle. The ex- 
ploratory craniotomy should carried out through clean field without 
traversing the infected bone and superficial tissues. abscess 
found the mastoid region can opened separately. 

will noted that the clinical picture and cerebrospinal 
described Aboulker correspond the main with the 
observations Passot. Aboulker, however, suggests that the condition 
hypertension may develop from initial phase meningitis, and 
notes the occurrence high one important point 
observation would appear the writer fault. The cerebro- 
spinal tluid cases cerebral abscess, though almost always clear, 
shows some increase protein and almost always increase 
cells. Here therefore point distinction which may added 
those which have already emerged the differential diagnosis 
cerebral abscess from condition intracranial hypertension due 
simple excess normal cerebrospinal fluid. 

Mygind paper dealing with the benign forms otogenic 
states that fifteen cases under his observation the cerebro- 
spinal fluid remained clear. The fluid was frequently examined 
number these cases and the pressure measured. the clinical side 
four cases time showed any cervical rigidity five had 
two had sixth-nerve palsies. 

Two his observations are particular importance relation 
the present 

Case his series, girl aged 17, developed symptoms mild 
meningitis with acute otitis media. the first day observation 
the cerebrospinal fluid wes clear but contained twenty-six lymphocytes 
per cubic millimetre. The pressure was 400 mm. water. the 
fourth day paralysis the right sixth nerve was observed. The 
temperature gradually fell and the symptoms and signs meningitis 
diminished, but the seventh day slight swelling the optic was 
noted. the ninth day all neck had disappeared. the 
sixteenth day headache and vomiting occurred. puncture 


vielded clear cerebrospinal fluid under the enormously high pressure 
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950 mm. water, clear and containing less than one cell per cubic 
millimetre. The patient continued with headache, vomiting and 
the right eye and 3». the left. The cere- 
brospinal fluid remained normal save for excessive pressure. The 
patient made very gradual improvement without further treatment. 
Six months after the onset swelling the discs was still present with 
cerebrospinal fluid pressure 600 water. The patient 
felt well, but had headache now and 

Case was that boy, aged 10, with chronic left-sided otitis 
media who developed drowsiness, fever, left sixth-nerve palsy and 
papilledema. The cerebrospinal fluid was clear under pressure 
600 mm. water and contained two lymphocytes per cubic millimetre. 
Recovery ensued, but swelling the optic was still present two 
months after the onset. 

Ayala briefly reported upon the type 
case under discussion, emphasizes the need distinguishing the con- 
dition generalized hypertension from that which may result from 
localized encysted meningitis (meningitis serosa circumscripta). Many 
cases the latter have been reported the posterior fossa simulating 
the picture cerebellar abscess (e.g., Jenkins Caliceti 
Ferreri Baldenweck For the condition generalized hyper- 
tension Ayala proposes the term serosa rather than 
meningitis serosa. 

Kobrak apparently referring the type case under dis- 
cussion, described the increased cerebrospinal fluid pressure with clear 
transparent fluid, associated with swelling the optic discs, and records 
improvement after lumbar puncture. dismisses the clinical picture, 
however, that meningitis. 

Leidler describes case which, following 
mastoid operation with lateral sinus infection and ligature the internal 
jugular vein, the patient developed severe headache 
lasting several weeks with ultimate recovery, and that the state 
increased intracranial pressure was due obstruction the venous 
outflow. Claude and Lamache record three cases so-called serous 
meningitis simulating cerebral tumour. One occurred woman with 
chronic otitis media. Symptoms increased intracranial pressure, 
puncture. 

Cairns under the heading arachnoiditis (serous meningitis), 


states that the clinical syndrome under discussion appears after acute 
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chronic mastoiditis, especially when the labyrinth has been infected. 


remarks that main clinical feature often 


extreme degree, and the headache and other general symptoms may 
slight that the condition not recognized until sight seriously 
whom incomplete left mastoidectomy was first performed. During 
convalescence there was slight fever and vomiting. Six months later 
recurred and was associated with vomiting. cerebro- 
spinal fluid that time was recorded clear, under pressure, cells, 
protein per cent. The left mastoid was opened and further 
excavated. The left temporal lobe was explored with needle and 
abscess found. During convalescence attacks headache and vomiting 
occurred, but eventually left hospital apparently well. months 
later deterioration vision was noticed, and the ophthalmoscope re- 
vealed severe and optic atrophy. The cerebrospinal fluid 
pressure was 230 mm. water; the fluid was clear, sterile, and 
contained one cell and per cent. protein. Cairns refers two 
similar cases which the reached and respectively, 
which perfect recovery occurred with normal vision without any 
treatment all. suggests that the condition one hydro- 
cephalus due increased formation defective absorption cerebro- 
spinal fluid, both. 

first experience was with case under the care Mr. 
Layton Hospital. Mr. Cann, who was jointly responsible 
with Mr. Layton for the operative treatment, has kindly provided 
with the 


ase l. Vale, aged 12 years. Chroni suppurative otitis nedia (right). 
Vastoiditis Veningitis. Lateral sinus thrombosis. Headache. Papilledema 

f rrat Fluid obtained fre entricle norma ( plett 
recovery 

Albert C.., aged 12, had chronie suppurative otitis media of the right ear 


since $ years old, following measles He was admitted to Guy's Hospital, 


( 


the small antrum and the 


\pril 28, 1928, complaining pain over the right mastoid, vomiting and 
lrowsiness 

was F., the pulse and respiration 20. 
appeared sallow, drowsy and ill. His tongue was dry and furred. 
was tender over the right mastoid and had discharge from his right ear. The 


entral nervous system was normal. 
28, 1928: Operation.—The mastoid was opened and pus was found 


Pus the lateral sinus groove was 
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released, displaying collapsed lateral sinus. further removal bone 
expose the dura beyond, the lateral sinus filled spontaneously. The dura 
middle fossa when exposed appeared normal. The wound was left open. 

April 29: Temperature F., pulse 100. frontal head- 
ache. The right external rectus muscle was paralysed. There was marked 
photophobia and rigidity his neck, and Kernig’s sign was positive. The 
abdominal retlexes were normal, but the knee-jerks and ankle-jerks were not 
obtained. 

Diagnosis: Meningitis. 

April 30: Temperature was Taking fluids well. His state 
was otherwise unchanged. 

May Temperature was 100 There was pain and tender- 
ness over the right sterno-mastoid muscle and some 
was still marked. was restless and out during the night. 

May Condition unchanged. p.m. had rigor, the temperature 
rising 

Diagnosis: Lateral sinus thrombosis. 

May Operation.—The right internal jugular vein when exposed the 
neck was found collapsed and was ligatured. The mastoid wound was opened 
up. The lateral sinus was incised and contained pus. The exposure was 
prolonged backwards till free bleeding Was obtained. The wound was packed 

May Temperature oscillating 103° The patient felt and looked 
better. The tenderness the sternomastoid had gone and the rigidity his 
neck was and strabismus were unchanged. 

May 12: Temperature Complained frontal headache. Examined 
Dr. Symonds, who reported: Marked both dises. The fields 
were full. The right external rectus was paralysed. The left abdominal was 
absent. The plantar responses were sign was doubtful 
Cerebellar tests were negative.” He considered that in view of the marked 
swelling the dises there was probably intracranial abscess. view 
absence of cerebellar signs and paralysis of right sixth nerve, the probable 
localization was the middle fossa and not the posterior. view the 
sudden rise temperature, immediate exploration the brain was advised. 

exposure the middle fossa above the mastoid the dura 
appeared normal. The first puncture upwards with needle and syringe gave 


dilated lateral ventricle, presumably due internal hydrocephalus. 


+ 


backwards and forwards was negative. posterior fossa 
behind the lateral sinus and exploration the cerebellum three directions 
gave results. 

Report cerebrospinal fluid, from ventricle: few red cells but white 
cells. Protein per cent. Cultures sterile. 

May 14: Temperature oscillating 104° drainage cerebrospinal 


fluid continues from the wound. 
May 19: Temperature was lower. General condition improving. had 
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headache. Photophobia and paralysis sixth nerve were unchanged. 
Very wasted. 

May 23: Temperature normal. Examined 
was still very marked. The right sixth nerve was still paralysed. The plantar 
responses were extensor, but the other reflexes were normal. There was slight 
spasticity the limbs. 

May 29: Temperature remains normal. Patient was much better and the 
wound was healing well. 

June Examined Mr. Morgan. Both eyes 
probably subsiding, with swelling diopters. will probably 
develop secondary atrophy the 

June 16: The wound was almost healed. Some strabismus 
was still present. 

August 28: Returned from convalescent home. There was slight discharge 
from the right ear. The wound was healed. Sight was good and strabismus 
had disappeared. 

October 28; There was slight discharge from the right ear, but other 
complaints. Returned school. 


Mr. Cann informs that the patient remains well the time writing. 


puncture this case preliminary the intracranial 
exploration May 12, 1928, would probably have revealed normal 
cerebrospinal fluid (judging from that obtained ventricular puncture). 
Had this been disclosed the possibility cerebral abscess would have 
appeared remote, and highly probable that the patient would have 
made equally good recovery with (or perhaps without) lumbar 
puncture, and without being exposed the risk additional and 


unnecessary operation. 


Case 2 Fe) tile.: aged 10 ears. Ac ute otitis media Ueft) with ferer for 
eel During the subsequent month occasional symptoms such shivering, 
eeks ( set of ness bilateral papilledema and left srixrth-nerve palsy. 
Cerebrospiid fluid normal save for increased pressure, Vast erplored, no 
letinite osteitis found. Complete re ery without further treatment 


Clarice M., aged 10, was seen with Mr. Mollison September 18, 1928. 
The history this case was supplied the child’s nurse, excellent 


observer. 


July 28, 1928: Acute left earache, iollowed discharge after one day. 
The earache did not entirely disappear. The temperature remained for 
week. 


August Woke 4.30 a.m., shivering and complaining nausea and 


siddiness. Next day was better. 


August 13: She was away France summer holiday, apparently well. 
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August Sudden attack nausea seemed lose her senses momentarily 
later she vomited and complained the left side the neck and 
pain the left ear. She remained bed for four days continuing complain 
pain the left region, and could not turn her head the 
right without also twisting the shoulders. 

August 27: She was well and started sea bathing. 

September She complained that the sunlight upset her and later that 
she had double vision. From this time onwards, addition continued 
diplopia, there was complaint occasional attacks frontal headache, nausea 
and giddiness. 

September 17: account her eyesight she was taken see Mr. 
Eason, who discovered a paresis of the left sixth nerve and well-marked 
both sides. Mr. Mollison saw her the same day and noted 


The left membranum tympani was little red, the right 


September The writer noted: She was mentally alert and 
There was aphasia rough examination. Visual fields were full rough 
tests. There was well-marked with eye 


The left pupil was larger than the right, but both normally. The 


*LUS. No 


nystagmus was observed. The corneal reflexes were brisk and equal. The 


ocular movements were full, except for paresis the left external rec 


other cranial nerves were normal. There was defect postural sense and 
no astereognosis. No weakness, Wasting or inco-ordination Was |) ‘esent. The 
arm-jerks, knee-jerks and ankle-jerks were present and equal, the abdominal 
were equal, and the plantar responses were flexor. 

walking she was first unsteady, with special tendency fall 
any direction. Heel-and-toe walking was good. No abnormal posture was 
noticed. 

The other systems were normal. The neck was not stiff and sign 
Was not present. 

Provisional diagnosis: Probably left cerebellar abscess. 

September 19: Mr. Eason examined the visual fields the perimeter and 
found the peripheral fields full with slight enlargement the right blind spot 
visual acuity was both sides. 

September 20: Lumbar puncture gave clear fluid, which rose rapidly 
the full height the manometer water and overtlowed—a gross increase 


pressure. Dr. Greentield’s report was follows: 


Total protein 0-03 per cent. 

Globulin Nonne Apelt and Pandy reactions 


Chlorides oe per cent. 


This fluid appears quite normal. 
view this report the writer withdrew his provisional diagnosis 
cerebellar abscess and considered the possibilities to be either a hydrocephalus 


secondary the otitis, purely coincident mid-cerebellar tumour. 
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consultation with Mr. Mollison was decided that the mastoid should 
explored. 

September 21: Mr. Mollison operated left mastoid and found: Bone 
very vascular but pus; the dura mater was under increased tension, more 
the posterior than the middle fossa, and possibly pinker than normal. 

October complaint headache. Wound was healed and there 
discharge from the ear. evening she had attack which she 
suddenly said that everything seemed long way away and then thought 
she was going die. The whole episode lasted only few minutes. 

examination There was aphasia careful tests. dises were 
about swollen before. The visual fields were normal rough tests. The 
left pupil was larger than the right. There was nystagmus any direction, 
ind other disturbances the cranial nerves. There was weakness, 
inco-ordination abnormality the tone the muscles, and 
sensation. 

The arm-jerks were not obtained, but the knee- and ankle-jerks were present 
and equal. The right plantar response was little indefinite, the left flexor. 
The abdominal reflexes were present and equal. neck stiffness 
sign. 

The child rapidly proceeded to make a complete recovery, and a note from 
her doctor states that she has remained perfect health during the 


+ 


subsequent two years. 

this case the timely examination the spinal fluid undoubtedly 
saved from advising exploration the cerebellum. cerebellar 
abscess giving rise such degree hydrocephalus would certainly 
have been associated with some increase protein and cells the fluid. 
Apart from this, however, the fitness body, alertness mind, slight- 
ness symptoms and absence localizing signs association with 
advanced combined form clinical picture unlike that 
cerebellar abscess. 

The case conforms the clinical picture already described the 
literature, and bears out the contention Passot that the condition 
increased intracranial pressure may follow acute and apparently 
uncomplicated otitis media. But critical analysis the evolutionary 
phase leads suppose that the occasional nausea, 
fever, suboccipital pain giddiness which occurred during this time 
were the expression quiet extension the infective process from 


the middle ear the meninges. 


Case 3. Female, ayed 13 years. Chronic suppurative otitis media (right). 
nl istoid scar and evide nee of zygomatic osteitis. Operation with ren val of 
diseased bone ai d « rposure of dura. Meninaitis with cloudy cerebri pin 1] 
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meningeal symptoms. Devel pment of headache and papillede ma, Cerebro- 
spinal fluid normal save for increased pressure. Complete recovery after repeated 
lumbar puncture. 

Winifred B., aged 13, was admitted the Central London Throat, Nose 
and Ear Hospital, under Mr. Gill-Carey, February 20, 1930. The house 
notes state: Right cortical mastoid performed six years ago. Tonsils 
and adenoids removed five years ago. week ago complained pain the 
ear; the following day there was discharge from meatus with relief. The 
discharge lasted one day she then developed swelling over the mastoid. 
examination sinus was found over the right mastoid sear; slight mastoid 
tenderness; pus meatus; membranum tympani perforated and discharging 


pus. Hearing the right was reduced faint whisper left 
normal. She was discharged on February 35. but readmitted on Mareh & 
ZVZoma an | nu sinus over 


with and tenderness over the root the rig 


the mastol l scar which had broken down and 


contained pus. There was sagging the anterior meatal The left 
was normal. 
March 1930: Operation Mr. reopening the mastoid 


which was converted into epitympanic mastoid. The mastoid cortex was 


cellular, the old antral cavity was partially filled with new bone and granula- 


tions. The tip the mastoid, which had not previously been cleared, was 
removed; contained infected cells. The lateral sinus was exposed. The 
bone the posterior part the fossa was necrotic. The dura the middle 
fossa was exposed in two pl ices and cells were traced forward into the \ ma 

the bridge was cul through and the outer attic wall was rel ved Tl e il cus 
and malleus were seen, but not removed. meatal flap was The cavity 


+ 


was packed and closed behind, except its lower end. 

Following the operation the temperature remained the 
for week. and rose again 100° Mareh 14. and 
March 21, subsequently remaining hig 

24: The patient complained pain her right ear and frontal 
headache, felt giddy and had nausea, but vomiting. There was 
retraction her head, but Kernig’s sign was negative. Slight spontaneous 
nystagmus was present the left She could hear conversational voice 
12 in. in the right ear With a noise box in the left. The cold cal c test was 
positive on the right. There was no dysdiadokokinesis, past pointing o1 
weakness her arms legs. 

Mareh 25: spinal fluid was withdrawn lumbar puncture 
was cloudy and under tension 

March 26: Operation Mr. Gill-Carey. The right mastoid wound was 
reopened. The lateral sinus was further exposed, but appeared healthy. 
dura the posterior part the middle fossa appeared healthy, but 
dural abscess was found the temporal region with sequestrum the 


} 


zygomatic region. counter-incision was made front the auricle and 


was The meatus 
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tube inserted. The remaining area was drained with Carrell-Dakin tubes. 
The temperature continued high until March 31, after which remained 
normal. 

March 28: Headache and neck rigidity. ¢.c. spinal fluid which was 
withdrawn lumbar puncture was cloudy and contained great excess 
leucocytes. 


March 31: symptoms; lumbar puncture gave clear 


April Complained severe headache, but there were meningeal 
symptoms. lumbar puncture clear fluid was withdrawn under 
marked tension. Pathological report: cells per per cent. 
which were and per cent. polymorphs. 


\pril She remained well until two three days ago, but since then 
has had severe headache which was more marked to day, but there were no 
meningeal symptoms. lumbar puncture clear fluid was withdrawn 
inder definite the pathological report described normal. 


\pril 24: She still complains headache; lumbar puncture 


clear fluid under definite tension was obtained. 
\pril 26: The writer saw her and dictated the following note: In the 
right eye there papilladema with and diopters swelling. 


the left diopter swelling. The visual fields are normal rough tests 


The right pupil smaller than the left. The ocular movements are full; 


there nystagmus dipl The corneal reflexes are equal and normal. 
There slight left facial weakness and the palate moves the right, but the 
tongue protruded inthe mid-line. The finger-nose-finger test equal the 
two sid there Is no adystonia 

[The arm-jerks cannot be obtained. The right plantar reflex is flex: r, the 


left doubtful. The knee- and ankle-jerks are present and equal. The upper 
lower abdominal reflexes are brisk and equal 

The phys cal signs, so far as they fo, are suggestive ol a right temporal 
bseess, but think her symptoms and signs explained internal 
drocephalus from adhesions the recent meningitis. therefore 


dl exploration of the right temporal lobe if symptoms ol 


inial pressure 
The headaches gradually subsided and the patient left the hospital 
apparently wel Her mother states recent letter that she has 


mained perfect health and doing well school. 


the present state our knowledge the clinical picture advanced 
association with general state physical fitness, 
alert mind, the absence any localizing signs, and normal spinal fluid 
should have led more positive diagnosis simple hydrocephalus 
this case. The quantity cerebrospinal fluid withdrawn—more than 


several occasions—suggests free communication between the 


fluid. 
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needle and the ventricular system, and better consistent with the 
hypothesis over-secretion fluid than any other. 

The clinical picture Case this series was complicated the 
presence high fever and illness, due probably conse- 
quent upon the lateral sinus thrombosis. the other two patients 
the general state physical fitness and the alertness mind were 
marked contrast the gravity the illness, might have been 
judged from the ophthalmoscopic examination. Intermittent headache 
and were symptoms common all. Case and again 
Case sixth-nerve palsy was noted the side the discharging 
ear. Apart from this there were definite signs any case focal 
lesion either the brain cerebellum. Case lumbar puncture 
was not performed, but the cerebrospinal fluid obtained from ventricle 
operation was normal. Cases and lumbar puncture gave 
normal fluid under excessive pressure. 

Cases and there was phase the illness preceding that 
increased intracranial pressure which both clinical and serological 
evidence meningitis was present. the time, however, that 
was noted the excess cells and protein had disappeared 
from the cerebrospinal fluid Mygind, Case Case the 
present series the evidence preliminary phase meningitis less 
certain and dependent upon the clinical data only, but these are least 
suggestive. 


DISCUSSION. 


review the material collected this paper, the writer 
convinced that not very uncommon complication otitis media 
there may occur state increased intracranial pressure due the 
presence excess normal cerebrospinal fluid. This condition, 
which has usually been described hitherto under the title serous 
meningitis, but which shows clinical serological evidence 
meningeal inflammation, sufficiently constant its manifestations 
deserve separate name. term ependymitis serosa has already 
been proposed Ayala, but implies knowledge the which 
not actua!ly possess. The writer suggests otitic hydrocephalus,” 
title which implies active process inflammation, and, being 
deprived the qualification, internal external, will include fluid both 
within the ventricles and the subarachnoid space. 

The and pathology the condition remain obscure. What 


slight evidence possess either excessive secretion from 
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the choroid plexus defective absorption through the arachnoid villi. 
The hypothesis obstructive internal hydrocephalus due in- 
flammatory occlusion the channel from the ventricles has 
also considered, but the high pressures recorded with the mano- 
meter and the large quantities fluid withdrawn several cases are 
against this explanation. 

The condition appears almost confined children and adolescents. 
may occur complication acute chronic otitis media with 
mastoiditis, labyrinthitis, lateral sinus thrombosis, extradural 
abscess, meningitis. 

the symptoms, the fully-developed state otitic hydrocephalus, 
intermittent headache and are the most constant. sixth- 
nerve paralysis the side the discharging ear has been recorded 
number cases. The headache generalized occipito-frontal, 
and the bursting type which characterizes increased intracranial 
pressure. may severe slight degree, and the latter case 
may advance secondary optic atrophy without any other 
symptoms importance. Nausea vomiting may associated with 
the headache, but are inconstant. The temperature and pulse-rate 
the fully-developed state are normal. Drowsiness may sometimes 
present, but the other hand the mental state may remarkably 
clear considering the degree papilloedema. 

The evolution the symptoms may insidious, they may 
develop after preliminary phase fever and cervical rigidity, indi- 
cating meningitis. this case the symptoms meningitis subside 
those hydrocephalus develop. 

The cerebrospinal fluid the fully-developed state under in- 
creased pressure, but clear and contains excess cells protein. 
those cases which there preliminary phase meningitis, the 
cerebrospinal fluid examined this stage shows excess cells and 
protein. 

The course the illness may protracted weeks months, but 
leads towards complete recovery. This, however, may complicated 
impairment vision from optic atrophy. 

Although some cases recovery appears have been spontaneous, 
the rational line treatment drainage the excessive cerebrospinal 
fluid lumbar puncture. This should repeated necessary, the 
indications being recurrent headache persistent 
repeated lumbar puncture fails relieve the symptoms, ventricular 
puncture should undertaken, the first place the right side 
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whatever the side the aural lesion. right-sided ventricular drainage 
should fail effective relieving symptoms, the left ventricle also 
should tapped. 

Surgical attention the otitis media and its local complications 
plays natural part the treatment, but the presence hydrocephalus 
indication for intracranial exploration. 

The differential diagnosis from cerebral abscess the early stages 
otitic hydrocephalus may matter considerable difficulty, 
especially preliminary phase meningitis has caused, for the time 
being, excess cells and protein the cerebrospinal fluid. 
the fully-developed state the main distinguishing features may 
tabulated follows 


Age age (Almost always children and adoles- 
cents 


The patient complains malaise Between the attacks headache the 


and appears ill patient feels and looks well 
present slight degree urable swelling with 


and exudate 


Localizing signs right-sided temporal lobe localizing signs are present. 
abscess may relatively sixth-nerve paralysis the side 
silent: cerebellar left the lesion present fair number 
temporal abscess usually gives cases. Rarely unilateral bi- 
rise characteristic localizing lateral may 
signs occur, the plantar response 

one both sides may extensor— 


the result presumably increased 
intracranial pressure 


Cerebrospinal Clear, pressure moderately in- Clear, pressure often above 300 mm., 
fluid creased, protein content con- quantity abundant, excess 
stantly above normal, cells protein cells 


nearly always increased. mainly 
sional polymorph 


have acknowledge thanks surgical friends for permission 
publish notes the cases under their care, and Mr. Layton, 
particular, for constantly stimulating interest such clinical 


problems have been approached this paper. 
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GLYCOSURIAS CEREBRAL ORIGIN 
CARL JULIUS MUNCH-PETERSEN. 


From the Department for Nervous Diseases, Rigshospitalet, Copen 


(Professor Dr, med. |\ Christiansen). 


recent years the extrapancreatic glycosurias have become 
problem the greatest interest account both the clinical and 
experimental investigations dealing with this problem. has 
our knowledve the benign glycosurias, which after all are not very 
rare, made necessary try find pathogenetic classification 
which base division the different forms glycosuria. 

The division generally used purely practical, clinical one, 
namely, benign and non-benign glycosurias; pancreas-diabetes being 
counted among the latter, whilst the former generally are impossible 
classify further. regards anomalies the sugar-metabolism 
which have neurogenic, especially cerebral cause, their 
has for long time been clear, and 1898 Naunyn analysed their 
clinical forms. The special knowledge which have vained late 
this question has been derived from the study epidemic encephalitis 
and from the experimental investigations which have been carried out 
concerning the influence the hypothalamus and the corpus striatun 
metabolism, these being the regions the brain commonly affected 
this disease. 

The experimental investigations Aschner, Camus and 
Dresel and Lewy, Bailey and Bremer and others tend the same way 
the famous sugar-puncture experiments Claude- Bernard. 

These experiments have shown that highly probable that, besides 
acentre the medulla oblongata, there also centre for sugar regula- 
tion the hypothalamus, and perhaps also others the corpus striatum 
and the cerebellum. Following epidemic encephalitis anomalies the 
metabolism, including sugar metabolism, are well known, and some 
cases the latter have included glycosuria like that diabetes mellitus 
(Moewes, Umber and Rosenberg). encephalitis, other 
extrapyramidal diseases, has also been possible demonstrate 
disturbances the sugar metabolism and Grabfield, Thatschew 


and Axenono). 
Lastly, there anomaly sugar metabolism which, according 
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John, often closely resembles diabetes mellitus, and which perhaps 
due cerebral dysregulation, namely, the diabetes acromegaly. 

The cerebral mechanism sugar-metabolism regulation has, there- 
fore, has been pointed out Binswanger, Kraus 
assumed prominent position amongst the problems relating both 
normal and pathological metabolism, not least the sugar-metabolism. 

paper the sugar content the spinal fluid and its 
relation adrenalin have dealt with these questions 
detail, and have advanced the view that whilst simple glucose 
does not, only very slightly, influence the amount 
sugar the lumbar part the spinal fluid, this amount 
decidedly increased about two and half hours after injection 
adrenalin, provided the blood-sugar rises enough (to about per 
cent.). Under normal circumstances the increase about per 
cent. (e.g., from per cent. per cent.). 

cases disease the so-called extrapyramidal system this 
increase diminished absent. this infer that abnormally 
small increase certain cases may itself indicate diseased condition 
this part the brain, even when morbid condition clinically 
manifest. test itself have called 
sugar-reaction), and rise the spinal fluid sugar less than 
per cent., more than per cent., corresponds reduced 
A-L-S-R. 

increased seems occur extrapyramidal diseases 
well more common diseases the brain. 

have made experiments with the A-L-S-R some few cases with 
different anomalies the sugar-metabolisin 

The results may seen the following table. 

the main the results show that seven cases which the central 
nervous system was believed affected, there was also reduced 
this pointing towards localization the nervous disease 
the extrapyramidal system. 

three cases true diabetes mellitus, the was found 
be increased. 

one case, probably glycosuria cerebral origin, there was also 
increase 

two cases the was normal (11-12). 

Furthermore, was found that the increase was very small when 
the reaction was carried out patients whose fasting blood sugar was 


increased (17 21). 
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8-10 


0-090 


1-12 
0-081 


O-O87 
0-097 
0-076 


0-085 


0°116 
0-089 
0-103 
0-100 


0°100 
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0°202 


0-344 
0-301 
6°273 
0-211 
0-291 


Single punctures. 


0-O7U 
0-067 


0-081 
0-105 


O 245 
0-218 


Examination 


0:257 
O°267 
O 348 


ARTICLES AND 


TABLE SHOWING 


60 


110 


Percentage quotient, calculate 


0°100 
0-191 


O-117 


O° 195 


0-168 


In pati 


57 
0°245 


0°266 
0°264 
0-301 


CLINICAL 


tESULTS OF 


I—A.L.S.R. patients with normal fasting 


Increased rise and normal rise 


CASES 


ents with incre 


(a) Reduced 
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10 
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fasting blood-sugar 
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0-160 
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| 
15 
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0-010 
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140 0-004 
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0-009 
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Spastic paraparesis Inter- 
mittent glycosuria 


Renal diabetes, diabetic chart. Psychosis 


neurotropic 


gangrene 


Arteriosclerosis cerebri, glycosuria, 
hyperglycemia 
Schizophrenia ? 


Glycosuria 

intermittens. 

Transitory 
glycosuria 


Diabetes mellitus 


Dementia organica. Glycosuria 

Hyper- 
Glycosuria 

Epilepsia. Idiotia. 


Renal diabetes. Psychosis 


Diabetes mellitus 
Diabetes mellitus 


intermittens. Psychosis 
Diabetes mellitus 


Diabetes mellitus? Psychosis 
Diabetes mellitus? Psychosis 


Diabetes mellitus 


Time fro 
Rise Administration Diagnosis 
puneture 
140 
Rise 
calculated 
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some few the cases examined the results were uncertain, 
because double puncture had not been carried out, but only one spinal 
puncture the end the experiment. 

Lastly, some cases was found that the proportion between the 
sugar the blood and the spinal fluid was increased. The propor- 

spinal-fluid sugar 100 
tion, the percentage quotient normally 

between and 70, and when some cases anomalies the carbo- 
hydrate metabolism found increased, this perhaps due 
special metabolic conditions. The main point the investigations is, 
however, the difference which found between the seven cases 
glycosuria cerebral origin and the three cases diabetes mellitus. 

the first seven cases find conditions which point towards 
disease the extrapyramidal system. Now, the question whether 
the three cases pancreatic diabetes also may interpreted 
expressive changes the regulating centres. 

The probable existence correlation between the peripheral 
organs and the extrapyramidal system well known. Both clinical 
and pathologico-anatomical observation indicate this. Also the fact 
that area the hypothalamus life joins the 
tissue, forming the hypophysis, causes suspect intimate 
between this part the brain and the visceral functions 
(Ingvar and Petrén). Thus there seem numerous indications 
favour the supposition that primary pancreatic diabetes one 
way another may cause changes the extrapyramidal 
that perhaps these changes arise related phenomena. 

therefore natural seek the genesis the increased rise 
the sugar the changes the brain, the more increased 
well-known phenomenon several cerebral diseases. 

possible that means this method examination 
may able advance another step the pathogenetic division 
the different forms glycosuria. 

The material hand too small allow definite judgment. 
But any rate the A-L-S-R ought tried upon larger 
clinically more diverse material. 

The following case history may throw some light upon these matters 
and upon the related pathophysiological problems 

Case 1.—A married woman, aged 51, admitted the Neurological Depart- 


ment the Rigshospital (January Mareh 1930). 


Diagnosis: Tumour the corpora quadrigemina. 
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for past seven years. Initial symptoms were periods 
ness, giddiness and breathlessness. Subsequently walking became difficult and 
vision failed. Has been bedridden for past six months. history lethargy. 


examination: R., Moderate, sharply outlined atrophy 

of both dises. Concentric restriction of both tields of vision. Hearing normal. 


Cranial nerves: Pupils equal, but irregular, react poorly light, but 
normally convergence. Associated paresis upward movement 
but upward movement occurs when the lids are closed. No other pareses. 
Nystagmus all directions, especially attempted upward movement. 

Motor system: Slight ataxy upper limbs, especially right. Bilateral 
dysdiadochokinesis. Marked ataxy lower limbs. Gait: walks with wide 
base and unsteadily. walking there coarse tremor head, trunk and 
limbs. present 

Sensory system: All forms sensibility normal. 

Retlexes: All tendon-jerks increased on both sides, and both planta 
esponses Babinski type. 

Spinal-fluid: protein (after Bisgaard), globulin albumin 40; cells 
Wassermann reaction, negative; percentage quotient, A-L-S-R, 
per cent 

Wassermann reaction blood, negative. 

165 90. 

X-ray examination cranium: nil abnormal. 

Urine: January albumin, pus, sugar present. 

January Glueose urine, twenty-four hours, per cent. Neither 
icetone nor aceto-acetic acid. 

January 11: Glucose urine, twenty-four hours, per cent. 

January 15: the morning specimen, per cent. 

Blood-sugar (fasting): January 11, per cent. 

some days antidiabetic treatment, the urine longer contained 
sugar, and after slight restriction the amount carbohydrates the food 
there was glycosuria during the rest the stay hospital. 

December 31: Determination sugar threshold: 


9°40 a.m Blood-sugar (fasting) per cent. 900 water 
945 , 0-007 

9-50 0-097 

9°55 O°125 urine, no sugar 


10°5 
10°15 0°13 
10°35 0°13 
10°45 0-13 
1100. ,, O°125 


11°25, O'll4 


bo 


with sugar (slight reaction) 


2 per cent. 


Sugar threshold: 


” 


December 25: The urine contained sugar half hour after subcutaneous 
injection pituitrin (P.D. and Co.). This lasted about 
eight hours. During the first two hours after the injection the blood-sugar 


did not rise above 0°123 per cent. 
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December 27: Experiment repeated with the same results. 
During the previous days, and after these examinations, the patient’s urine 
did not contain 


February —Strauss’ water test 


8.30 diuresis: specific gravity 1009 
9.30 ,, 300 c.c, 1004 
10.30 ,, 100 ¢.c. 1601 (minimum) 
7 hours C.c, 
1.30 p.m, 80 O07 
February 
7 a.m. 225 « 1011 (maximut 
sZxamination of the irine-fil ition veehnberg Gave e tollowl 
results 
During one period the infiltration « f urine was 762 c. per minute through 


the glomeruli; blood-sugar, per cent.; therefore, the same 


‘ 
+ th ry t » t 


* filtrated ’ sugar was 269 me. pe minute: at the same me e secretion < 
sugar the urine was mg. per minute. The reabsorption sugar 
tubuli was thus 275 mg. Normally (with threshold about 
per cent.) the reabsorption ought about 500 which gives 
deficit about mg. per minute. 

The following period showed: Urine-filtration, 162 per 
sugar, per filtrated sugar, 267 mg. per minute; sugar urine, 
mg. per minute; sugar reabsorbed, 263 mg. per 


mg. per minute. 


The diagnosis tumours the corpora quadrigemina and the third 
ventricle may difficult (Cartex and Camauer, Fulton and Bailey, 
Glaser). The are manifold and vary greatly from one case 
another. special importance are the ocular the 
loss upward movement, together with changes the discs, and 
hypothalamic and cerebellar symptoms. 

the above-mentioned patient, the symptoms indicate the presence 
The most important and decisive focal symptom was the 
conjugated ocular paresis, which definitely indicates lesion the 
superior corpora quadrigemina. 

order understand this patient’s glycosuria, will necessary 
speak shortly the theories the function the kidney which are 
present prevailing. 

know, Cushney who has founded the modern theories 
renal function. According Rehberg’s modification this theory, 
the formation the urine takes place the following manner: The 
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so-called ultrafiltrate, fluid the same composition the plasma, 
pressed out from the blood through the glomeruli. the ultrafiltrate 
passes through the tubules, water reabsorbed the blood. Through 
this reabsorption difference arises between the concentration the 
substances the blood and the tubular fluid, and therefore also 
difference the osmotic tension. Consequently, the substances the 
tubular fluid tend return the blood. The influence the physical- 
chemical laws, however, decides what degree this possible for each 
some them diffuse back quickly and completely until 
balance is obtain d, others do so to a smaller degree, and, lastly, some 
them, e.g., creatinin, not diffuse back the blood all, but 
remain the tubular fluid, and therefore the urine, the same 
concentration the original ultrafiltrate the glomeruli. 

But, far some substances, e.g., chlorine and sugar, are con- 
cerned, active reabsorption takes place. Under normal circumstances 
this reabsorption complete regards sugar, that the urine contains 
sugar. now the content sugar the blood sufficiently in- 
creased, this may cause the ultrafiltrate contain much sugar that 
the reabsorption longer effective, resulting sugar the urine, 
glycosuria. The degree hyperglycemia which the ultra- 
filtrate contains much sugar that the reabsorption the tubular cells 
longer able remove completely, what called the sugar 
threshold. According Rehberg, only substances which are actively 
reabsorbed the tubules can counted among the threshold substances 
proper. 

The amount the filtration through the glomeruli may deter- 
mined method worked out this author. has been mentioned, 
the whole amount creatinin contained the ultrafiltrate will 
excreted with the urine, this substance not able diffuse back 
through the tubules. If, after administration creatinin, the amount 
creatinin the blood and the urine excreted and also the amount 
the urine, are determined for certain period, possible calculate 
how much creatinin has passed from the blood through the glomeruli 
this period, and from this the amount the filtration may cal- 
culated. simultaneous administration glucose and quantitative 
determination the glucose blood and urine, possible calculate 
the amounts filtrated and reabsorbed sugar. 

Such examination has been carried out the patient mentioned 
here. that the power reabsorbing sugar was considerably 
reduced this agrees with the value the sugar threshold which was 


found. 
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regards the reabsorption function the tubules, known that, 
far chlorine concerned, depends the secretion the 
hypophysis, which restrains reabsorption, decrease the secretion 
the hypophysis increasing reabsorption chlorine (Starling and 
Verney). 

Cerebral glycosuria may arise: (1) Through dysregulation the 
rise the blood-sugar after the reception carbohydrates, the result 
being alimentary account which the threshold 
exceeded. (2) The threshold falls, i.e., the reabsorption the sugar 
the tubuli reduced. both cases the urine will contain sugar. 

There are three possibilities the origin the last form 
(1) Direct nervous influence upon the parenchyma the 
kidneys. Such influence has, however, never been proved directly. 
(2) Indirect influence through the vasomotor nerves. This influence 
most likely acts the glomeruli. the patient question the 
examinations which were carried out showed nothing which points 
towards impairment the function the glomeruli. Cen- 
trally regulated, hormonal influence upon the kidney. may this 
which was responsible for the glycosuria our patient. 

indeed possible that tumour the region the corpora 
quadrigemina directly indirectly the nervous tissue round 
the third ventricle, which according Spiegel and others closely 
related the hypophysis. may infer disturbance neuro- 
hypophyseal function, resulting reduction the absorbing power 
the tubules. 

true that the tests showed reduced power concentration 
the kidney. Therefore cannot excluded privri that the 
glycosuria due simple primary renal disease. firstly, there 
were other signs such disease, and, secondly, very rare for 
glycosuric conditions due disease the kidneys. seems 
more likely also that the reduced power concentration (i.e., the 
reduced power water reabsorption the part the tubules) may 
interpreted result the disease the brain. 

Furthermore, our patient was found that excretion sugar 
the urine was caused the injection small amount pituitrin 
pituitrin amount which does not generally 
cause glycosuria, and this glycosuria arose together with increase 
the blood-sugar which did not reach the value the threshold 
previously determined. course from what previously 
accepted was expected that pituitrin would reduce the 
power reabsorption and cause glycosuria lower threshold than 


previously determined. 
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GLYCOSURIAS CEREBRAL ORIGIN 


Lastly, will recall the physiological enlargement the hypo- 
physis which takes place during pregnancy, and the not uncommon 
glycosuria that appears during pregnancy, glycosuria which, accord- 
ing Faber, indeed caused low threshold, which after 
pregnancy again attains its usual level. this case the low sugar 
threshold seems caused functional disturbance the hypo- 
physis. 

Case 2.—A man aged 45. Admitted Rigshospital, July 1929. 

Diagnosis : Enceephalitic epidemica chroniea ; vlycosuria. 

1918 and 1920. history nervous symptoms these 
illnesses. Some years later had period diplopia lasting for Two 
subsequent periods diplopia, the last just prior admission hospital. 
For several years increasing weakness the legs with twitch- 
Impairment memory. 

examination: Cerebration slow, memory poor. Optic dises normal 
Slowly reacting pupils. diplopia. Nystagmus present. Lower limbs 
spastic paretic gait. increased. responses 
Babinski type. 

Urine: pus albumin; sugar present (0°5 per cent. twenty-four 
hour specimen). admission hospital year earlier 
present. 

Blood sugar: (fasting) 0°103 per cent. 

Wassermann reaction (serum) negative. 

July fluid: cells, (after Bisgaard): globulin, 
albumin, 25. Wassermann reaction, negative. 

July 19: Cells, Protein: globulin, 1-2; albumin, 24. 


15: Sugar administration test. 


Morning urine, sugar 
Fasting blood-sugar 0°100 per cent 

grin. glucose 200 grm. water 

10°50, Bl l-sugar 0°] per cent. 

11°10 0°155 

11°40 0°123 

11°50 Urine no sugar 


July 


Fasting blood-sugar per Morning urine, sugar 
- 5O grm. giucose + 300 grm. water 
Blood-sugar 0°139 per cent. 
9°50 7 0-166 
10°45 0-100 
< 0°166 
BRAIN— VOL. LIV t 
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This case with repeated vague periods fever, after which 
spastic paraparesis has developed and short periods diplopia have 
occurred. Slight mental symptoms developed, and the spinal fluid was 
definitely pathological. Further, glycosuria with aiow threshold was 
found. The glycosuria seems have developed during the same time 
the disease the nervous system. 

The most likely diagnosis, chronic epidemic encephalitis, points 
towards lesions the same part the brain the previous case, 
and therefore also this case the glycosuria has been looked upon 
the result reduced sugar reabsorption the tubules, which must 
due disturbance neuro-hypophyseal function. 


Case 3.—Unmarried, smith. February 1908 


Admitted at the Rigshospital, Departme nt for Nervous Diseases, Novem- 


ber 16, 1929. Discharged January 14, 1930. 

Diagnosis Diabetes insipidus symptomatica: 
tuberculosis pulmonis. 

father probably died from pneumonia. patient’s 


father died from pulmonary tuberculosis and cousin the father had been 
operated upon for glandular tuberculosis. 

Four years before his admission the patient had pneumonia with 
exudate his right pleura. Since then has not been well. One year before 
his admission complained increasing thirst and passed much urine 

has grown tired and feels ill and had difficulty doing his work Has 


lost in weight. He observed that his sexual potency and libido, which have 
previously been well developed, diminished The srowth of his beard is also 
less. says that can sleep any hardly ever perspires. 
few oceasions his sight has been dimmed for short period. 

objective examination the following was found: 
than his age; hairs the hair testes atrophic, but 
otherwise acromegalic symptoms. Neurological 
examination bilateral Babinski phenomenon. 

After month’s stay the hospital the patient became febrile, 
the lungs with tubercle bacilli the expectoration was found, and the 
patient was moved department for tuberculosis. 

November 17: Urine contained albumin, pus sugar. Wassermann 
reaction (serum) negative. 

November 19: X-ray examination and epipliyses showed 
nothing abnormal. 

November 21: Spinal fluid: cells (after 


Bisgaard): globulin, 3—4; albumin, 21. Wassermann reaction, negative 


November 23-26: Standard per cent. 
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January Blood-sugar test. 


9°20 100 grm. glucose, blood-sugar (fasting) per 
mg. adrenalin (Medicinalco) 

10°30 ,, 0-286 


Urine after sugar. 


During his stay the patient drank litres water and the amount 
urine twenty-four hours was 5to litres. gravity, 1002-1005. 
Subcutaneous injection pituitrin Co.) reduced the amount 


urine and the consumption water twenty-four hours about litres. 


Subcutaneous injection sol. phlorizini, per cent., did not cause 
the urine was examined for five hours after the injection 


possible find glycosuria, although the diuresis was reduced and the patient 


was thirsty. 


While the two first patients was supposed that the hypophyseal 
dysfunction caused reduction the reabsorption the tubules, 
must this case assumed that the reabsorption increased, which 
also agrees with the clinical symptoms hypophyseal defect. From the 
point view his glycosuria, this patient presents perfect clinical 
‘corresponding the other two patients. 

was not possible cause excretion sugar the urine, though 
there was high blood-sugar, the injection phlorizin. Not even 
when pituitrin was administered together with phlorizin, that the 
urine was less diluted, was possible produce glycosuria. 

According the Cushney-Rehberg theory only possible 
explain the effect the phlorizin reduction the power re- 
absorption the therefore, the last patient must assume 
that the power reabsorption much increased that phlorizin 
not able, under normal circumstances, reduce the power 
reabsorption such degree that glycosuria arises. 

account the pulmonary tuberculosis, which made necessary 
remove the patient another department, did not succeed 
finishing the examinations had planned, examinations which might 
have revealed interesting results. was not determined whether the 
diabetes insipidus question was the hyper- the hypo-chlor- 
hydremic type (Veill). Nor were the attempts producing glycosuria 
finished, for instance combination phlorizin, and 
pituitrin might have been tried. 

together with the already existing investigations, this case 
supplies valuable supplement the theory that certain cases 
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cerebral glycosuria there connection between ihe function the 
kidney tubules and the neuro-hypophyseal apparatus. 

Even though these investigations cerebrally-conditioned glycosurias 
not foundation for definite etiological pathogenetic 
division these conditions, the A-L-S-R threshold 
determinations have made possible group these diseases more 
definitely when working clinically with glycosurias. comparing this 
grouping with other clinical features, the course the disease, and 
with pathologico-anatomical investigations, may 
determine more accurately their etiological and pathogenetic factors. 
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THE RELATIONSHIP BETWEEN THE INTENSITY 
TONE-STIMULI AND THE SIZE THE RESULTING 
CONDITIONED REFLEXES. 


Laboratory Professor Pavlov, Institute Experime 
Vedicine, Leningrad, U.S.S.R.) 


reports from the physiological laboratories 
Pavlov Leningrad have stated that the magnitude conditioned 
reflex proportional the strength the stimulus which calls out. 
This report presents the results obtained when that proposition put 
test with more suitable apparatus for producing and for controlling 
the relative intensity tones than available 
laboratories the past. 

PROCEDURE. 


the experiments reported here, the usual adopted 
for eliciting the conditioned reflexes. The dog was put chamber 
which was virtually sound-proof. The observer controlled the stimuli 
from outside and observed the animal through periscope. The flow 
saliva from the dog’s cheek displaced water horizontal mano- 
meter. these experiments the size the conditioned reflexes 
reported scale-divisions the manometer, five which represent 
one drop salivary secretion Detail the method can 

Since the aim was get valid quantitative results, the experiments 
were always carried out very nearly the same time day, the same 
order successive stimuli was followed throughout each series 
measured observations, the time-intervals between stimuli were kept 
the same and the secretion the intervals between stimuli was noted. 
Attention was also paid spontaneous flow saliva without 
conditioned stimulus the end period equal the usual time- 
interval between stimuli time-reflex With one dog the interval- 
secretion and time-reflex often proved appreciable, and the results 
few experiments were discarded that account. The interval- 
secretion had controlled from time time temporarily 
discontinuing experiments with the tones different intensities, 
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feeding the dog little before experiments, increasing the length 
the intervals between stimuli, and introducing 
which were not followed food The time-reflex 
could eliminated for the purposes these experiments waiting 
seven, eight nine minutes between all the usual stimuli which were 
given daily and which quickly led this dog time-reflexes the 
end those longer intervals; then, those relatively few occasions 
when tone-stimuli were given and measured, such stimulus would 
begun five minutes after the preceding stimulus, time when 
there would minimal interval-secretion and time-reflex. 

The tones which were used stimuli were produced low- 
frequency oscillator (type 377-B), made the General Radio Company 
Cambridge, Mass., U.S.A., and electromagnetic transmitter 
(No. 542 B.W.), made the Western Electric Company New York 
calibration for oscillation hand for the 
oscillator. The characteristics the transmitter are unknown us. 
The wave-form the sounds produced has not been determined here, 
but previous work one with the same oscillator and similar 
transmitter the United States showed sine waves for tones above 
about 250 vib./sec. The tones the experiments this report were 
arbitrarily taken 1,000 vib./sec. and were kept the same pitch 
throughout. They were, accordingly, probably pure tones, although 
definite statement can made that effect. These tones could 
varied intensity from vibrations below the threshold audibility 
sounds which were moderately loud. very loud tones could 
produced this arrangement the apparatus. 

The intensity the tones assumed proportional the 
square the current from the oscillator the transmitter. 
measures output the oscillator were made shunting the 
current from the oscillator through thermocouple connected with 
sensitive millivoltmeter immediately ending each stimulus. These 
instruments were made Hartmann and Braun, Frankfurt 
calibration curve provided for this thermocouple-millivoltmeter gives 
readings milliamperes, which then appear squared the appended 
tables. This procedure for obtaining figures, representative the 
relative intensity the tone-stimuli, considered justified, since the 
frequency oscillation was kept constant and the resistance 
the circuit remained the same for all measurements. 


instruments for and for advising their use, 
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TONE-STIMULI AND THE RESULTING CONDITIONED REFLEXES 


The dogs which were used these experiments were selected 
particularly with view constancy conditioned secretion from day 
large salivary reflexes but small amounts interval-secretion, and also 
important that conditioned reflexes tones easy establish 
and maintain without significant change over considerable period 
time. dog which sleeps the stand, highly excitable 
strongly inhibited type animal, introduces useless complicating factors 
into situation which already complex. And so, preliminary inspec- 
tion several dogs, with their records conditioned reflexes, reduced 
the available number very few animals the start, and then 
actual trial with the tone-reflexes proved that conditioned reflexes were 
peculiarly hard establish, else were inconstant from day day 
after being established two them. There remain for this report 
the protocols only two dogs which could carried satisfactorily 


through the series experiments planned. 


RESULTS. 


The first dog had previously been used quantitative work with 
conditioned reflexes and had given large and constant daily salivary 
responses all positive stimuli. experiments with this dog 
then suggested that, when tone-stimuli were repeated the same day, 
the size successive would affected that preceding 
reflexes tone. Accordingly, during the first series which careful 
measurements were consistently made, only one tone-stimulus, always 
fourth place, was given during experiment and, before another 
such experiment was run, there was least one intervening day 
which the dog worked with other conditioned stimuli but not with any 
tone. The duration this series was from October 27, 1930, 
January 24, 1931, during which only fourteen valid readings were made, 
although for the most part the dog routinely worked with other con- 
ditioned stimuli daily, six days out seven. From time time 
interval-secretion had reduced the measures previously described. 
One period excessive interval secretion came early December and 
led the rejection data obtained December and 13. 
two other isolated occasions, November and 13, the results were also 
discarded account appreciable interval secretion. All other 
experiments which tone stimuli were used appear Table 
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INTENSITY TONE-STIMULI AND CONDITIONED REFLEXES, 
Date 2 Tone- Percentage of 
MA retle total seeretion 
January 10°2 Measured interval-secretion was 
January 2°6 Measured interval-secretion was 
November 17 .. 6°1 2S 11°3 
November 27 es ee 57 17-2 
November 29 .. 11-9 58 19-5 
ORDER OF STIMULI WITH TABULAR SUMMARY OF CONDITIONED REFLEXES TO STIMULI 


OTHER THAN TONE THIS SERIES 


M Ma A s 

Bubbling bb 100 1°555 
(Tone) 


Table I.—First series experiments with first dog shows corre- 


lation between intensity tone-stimuli expressed terms and 
size resulting conditioned reflex when tones were given random 
intensities and infrequent intervals. 

Table the data are arranged according increasing strength 
tone-stimulus expressed Under the heading Tone-reflex 
are the absolute numbers scale-divisions salivary secretion. also 
seemed desirable have some expression the amount salivary 
secretion which would take account some daily changes the 
magnitude all the conditioned reflexes, for some days all would 
some ten scale divisions higher lower than others, and still 
the proportions one another would closely maintained. And so, 
the fourth column under total secretion” are the 
relative values salivary secretion. The secretion brought out the 
variable tone-stimulus given there terms percentage the sum 
the rest the salivary conditioned reflexes resulting from all the other 
stimuli which were constant quality, intensity, order and timing 
each day experimentation. Also the minimal, maximal and average 
scale readings the manometer, well the standard deviation 
the size the reflexes when measured drops salivary secretion 


are given for all these other conditioned the order 
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TONE-STIMULI AND THE RESULTING CONDITIONED REFLEXES 


used the experiment, provide standard comparison the 
daily reflex variability stimuli constant intensities. 

Table results tone stimuli 1,000 vib./ secs., produced 
continuously for thirty seconds each period stimulation, spaced 
intervals least two days between consecutive applications, and for 
the most part taken different degrees loudness from experiment 
experiment quite random. ‘This dog shows that then possible 
have very close correlation between the intensity the tone- 
stimuli and the magnitude the conditioned reflex. Whether the 
absolute number scale divisions salivary outflow (column 3), the 
percentage each day’s total reflex secretion (column selected 
makes but little difference this series readings. inaudible 
vibrations increase intensity and cross the threshold audibility, 
there this dog abrupt change from secretion all 
twenty-four more scale-divisions saliva. the tones become 
progressively louder, the corresponding increase 
becomes less. 

There were preliminary experiments with this first dog which 
that the order sequence stimuli was important, especially 
when tones similar different intensities were produced intervals 
longer than one day apart. Hence short series experiments 
was run with this view second dog. dog had little more 
daily variation the size his conditioned retlexes, but had the 
distinct advantage never having any interval-secretion nor time- 
reflex, nor restless habits the stand during the period these 


experiments. 


November 17 5°90 6 November 29 42°51 60 
November 18 10°24 20 November 30 17°s9 16 
Nove rw 12 Decembe1 l 1-24 26 
r 21 7°24 December 2 6°10 vi 
N ember 22 7°02 19 December 13 
November 24 5°90 32 December 11 2-40 14 
November 25 14 36 5 December 13 32°25 67 
November 27 18°06 25 December 15 2°37 10 
November 28 11°09 
ORDER OF STIMULI, WITH Summary OF CoNnNbDITIONED REFLEXES TO STIMULI 
OTHER THAN TONE THIS SERIES 
M Ma Avera Stu 
I i Visions ¢ ino e Ind f sal 
Bell 0 60 44-1 2°496 
2°178 
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Table experiments with second dog shows wide 
variation conditioned reflexes but correlation between intensity 
tone-stimulus and size the reflex when several tones given daily 
low intensities were followed several high, and vice versa. 

Table gives the results with the second dog tone-stimuli 
1,000 produced continuously for thirty seconds during each 
period stimulation, beginning with the twenty-seventh trial, arranged 
chronological order, with successive stimuli coming daily for couple 
weeks and then intervals two three days for couple 
weeks longer. The notation and arrangement similar that 
Table This dog showed, during the first couple days, changes 
the magnitude the conditioned reflex which ran parallel the 
intensity the tone stimulus. From then on, random choice tones 
varying loudness was stopped. tone low intensity but well 
above the threshold hearing (MA November 20) was 
followed series four tones slightly lower intensity. The 
salivary reflex increased size. Then for six days relatively loud tones 
were given stimuli. The resulting salivary reflexes failed jump 
once correspondingly high readings, and only one occasion (tone 
reflex November 29) was there rise the size that was 
expected view the intensity the tone-stimulus. Then change 
the stimulus back one low intensity (MA December 
failed reduce proportionately the size the salivary Finally, 
random choice different intensities tones intervals least 
two days apart gave for few days some semblance 
corresponding size but close correlation. The experiments had 
discontinued this point. 

Since these experiments the second dog were short duration 
and themselves not conclusive, another series similar plan was 
run later date the first dog. This time distinct change was 
made the organization the work. Two preliminary experiments 
were carried out with the tone-stimulus low intensity, order 
accustom the dog change schedule. Then, beginning 
February for fourteen consecutive days with gap one day, two 
tone-stimuli were given each day, third and fifth places respectively. 
For the first five days the intensity the tones was low; the dial 
readings the oscillator were throughout, and when expressed 
terms MA’, they varied between 5°29 and with average 
5°34 for six days the tones were relatively loud, dial 
readings the oscillator were about 18: the varied between 
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and with average And then for three days the 
intensity was again low with the dial readings 

Table III the results are arranged chronologically. intensity 
the tones given here dial readings the oscillator. The size 
the reflex appears scale-readings the manometer. Throughout 
this series, the data show that the size the conditioned reflexes 
remained very nearly the same spite marked variation intensity 
stimuli. fact, the appended figures which summarize all 
the reflexes this series prove that the set conditioned reflexes 
varying tone-stimuli fifth place the schedule 
cally constant those metronome, just constant those 
bubbling, and distinctly more uniform than those light. The 
metronome, bubbling air through water and electric light were 
course stimuli constant intensity. Thus, this second series 
experiments with the first dog correlation between intensity tone- 
stimulus and size resulting conditioned reflex conspicuous its 


absence. 


I NSITY PONE-STIMULI AND RESULTING CONDITIONED REFLEXES. 
ur 2 G2 
Februar 9 1s 63 58 
February 10 18 71 6S 
February 12 $1 
February If 2 90 75 
Fe ruary 5 
ORDER STIMULI, SuMMARY CONDITIONED REFLEXES ALL 
ST LI IN THIS SERIES OF EXPERIMENTS 
Min Max. Aver Star 
In drops of saliva 
Lig 17 90 68°6 2°84 


Table series experiments with first dog. Shows 
very constant conditioned reflexes tone-stimuli widely different 
intensities when the latter were given twice daily and groups the 


same intensity before change another. 
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Quantitative studies the perception differences the intensity 
sensory stimulation have long since been made human subjects. 
Such investigations have usually been directed the sensory organ 
involved, although the data were provided one’s ability discriminate 
increments stimulation, which course function the cortical 
cells the brain. may given, and then measured in- 
crements intensity stimulation may added, and the 
ability appreciate the differences compared with the physical 
changes the stimulus. Whencarried out through range different 
initial intensities, such data formed the basis for law (1846) 
and Fechner’s law (1860), which have been applied sensation 
general, and for formula (1903) specifically for vision. ‘These 
laws were expressed slightly different mathematical terms, but all 
them the perception stood exponential relation the intensity 
the stimulus. The expansion the physiology the senses along 
these lines and criticisms the validity such lie outside the 
scope this discussion. recently, Macdonald and Allen have 
applied this method the They used Stern 
tone-variator, blown air from constant pressure tank, which 
weights could placed lever give abrupt increases 
intensity the sound, keeping the frequency vibration constant. 
The person would listen for two seconds sound, and then the 
increment which produced just perceptible sudden 
intensity would determined repeated trial. series such 
measurements was made throughout the range the tone-variator and 
the results were treated mathematically. They found that the relation 
the reciprocal the increment intensity the logarithm the 
intensity the stimulus was constant. 

After developing different method with highly original technic, 
Professor and his co-workers have shown that conditioned 
reflexes give quantitative responses various stimuli different 
intensities. their work the the cortex usually occupied the 
centre attention. However, the data here this report are 
offered presentation the integrated responses the whole 
tone-stimuli without particular focus attention the function 
the cortex. several occasions, studies the conditioned reflexes 
have been made Professor Pavlov’s laboratory with various stimuli 
different intensities. For example, Kasherininova reported that 


salivary reflex responses increased with the strength tactile stimuli, 


7 
| 
| 
y 
= 
4 
4 


TONE-STIMULI AND THE RESULTING CONDITIONED REFLEXES 


and Orbeli [6] showed that visual conditioned reflexes increased with 
greater intensity illumination. Working with sounds, Tichimirov 
tried establish differentiation loud and soft sounds and observed 
during this work that the stronger stimuli gave bigger reflex effect 
than the softer. Zeliony used organ, whistle and pitch- 
pipe, controlled the physiological effect intensity placing the dog 
different distances from the source the sound (outside chamber), 
and also reported larger reflexes the result stronger stimuli. Also, 
with complex stimuli made more than one auditory component, 
observed the resulting reflexes when the components were given 
separately and together. assessed the intensity sounds with his 
own ear. After had established conditioned reflex two different 
tones equal loudness, each component was tested singly and gave 
reflex responses equal size. compound stimulus contained one 
loud and one soft tone, the louder tone larger than the 
softer one when tested separately, Moreover, whole cord produced 
greater reflex response than any single component. Work 
and study along the same general lines Kupalov and Gantt 
dealt with the summation various and weak” stimuli. 
The latter investigators used different types stimuli, including tones 
intensity produced Galton’s whistle and telephone 
receiver. They drew the conclusions that separate employment the 
components acomplex conditioned stimulus reliable method 
determining their relative strengths. two stimuli, the 
main effect produced the stronger stimulus, and this may even 
inhibit the weaker component. strong light and cold are more 
potent stimuli than very faint sound. The size the conditioned 
reflex reaction depends upon the strength the stimulus, that is, upon 
the energy transmitted the cerebral Andréev produced 
tones with oscillator and transmitter, and controlled their intensity 
with rheostat. used five settings the rheostat, giving different 
degrees loudness the tone from very soft loud tone. From 
previous experiments found that 2,600 vib./sec. provided optimum 
pitch for discrimination intensity with dogs, which higher than the 
optimum for man, and most his work was done that frequency 
vibration. His protocols show fairly consistent results from which 
draws the conclusion that conditioned reflexes tones vary direct 
proportion with the intensity the stimulus. 

Feshchenko used strokes pendulum against wooden 
board source sound-stimuli. Variation the angle deviation 
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gave different intensities sound. ‘The mean value salivary con- 
ditioned reflexes showed linear relationship intensities the sounds. 
However, the deviation the readings from the mean value was very 


large. arrived the equation 


a 
where intensity stimulus. 
Sr size of reflex. 


angle deviation pendulum. 
constant, 
this present paper, the data which appear were 
collected the method conditioned reflexes without differentiation. 
Tone-stimuli different intensities were given without any conception 


flex 
visions 


Intensity Tone 


1.—First series experiments with the first represent 
experimental data. The curve satisfies the equation: loge where about 


and about this case. 


that the dog would consciously discriminate increments change. 
Furthermore, the intervals over day between stimuli were almost 
prohibitive any accurate discrimination that sort. Finally, the 
fact that salivary reflexes and not speech served the indicators the 
effect the stimuli favoured the elimination subjective factors 
this work. And there are significant differences approach between 
the psycho-physical study made Macdonald and Allen, mentioned 
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above, and the physiologico-physical data reported here. The readings 
the conditioned reflexes our work are not reproduced with the 
accuracy that obtained physical laboratories, but they present 
enough order allow plot made and representative curve 
drawn. This appears fig. There are only fourteen readings 
the series, but the length the experiment and the close similarity 
successive reflexes which followed stimuli proportional intensities 
over that period four months indicate that the results were not 
matter mere chance. the intensities stimuli, expressed 
relatively appear and scale-divisions salivary 
conditioned reflexes ordinates. can assigned the 


curve 


that equation, only the curve itself was satisfied and further 
was made obtain formula with the best possible match for 
each single point that was determined experimentally. The differences 
principle underlying the experiments Macdonald and Allen with 
our own necessitate that the data and plots appear dissimilar. both 
cases, however, graphs constructed with intensity stimulus 
common logarithmic scale, the experimental points did not lie 
straight line. Since the Canadian investigators plotted logarithms 
intensity against increments intensity, the conclusion 
was drawn that their data did not substantiate Webers law. With 
our data, where the logarithms intensity stimulus were plotted 
against salivary reflexes without attention threshold increments, 
such direct deduction was permissible. The second form graph 
presented Macdonald and Allen plot with /og and 


ordinates. That curve provides their 


log 
Two adjoining straight lines appear, running down the right, and 
thus giving the negative sign linear part their curve, 
which shows single abrupt change its slope, satisfies their equation. 
Closer comparison between these different formulas and curves does not 
seem warranted. The results conditioned reflexes with the dog 
reported here are merely not inconsistent with the experiments carried 
out with threshold increments intensity human subjects 
Macdonald and Allen Winnipeg. 
are indebted Maria Ivanovna the Department Mathematics 


the University Leningrad for determining this equation from our data and for advice 
about other mathematical aspects our work. 
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Thus, with one dog and with one series experiments that dog, 
the size the conditioned reflexes tone-stimuli varied orderly 
way with the intensity the sound. But, with few other dogs and 
with this same dog later date and under different schedule 
work, such relations existed. The reason for one set consistent 
variations reflexes with the intensity stimulus, and for the other 
series experiments with total absence such variations the same 
dog, not clear us. Naturally, attempting determine any 
physiologico-physical relationship this sort, many extraneous influ- 
ences should controlled. From this work would seem that the 
frequency and number times that similar stimuli are given great 
importance. change those two factors alone was the only obvious 
alteration made the schedule the first dog reported here. When 
relatively few tone-stimuli different intensities taken random were 
given this dog, with least one intervening free day, the size the 
conditioned varied with the intensity the sound shown 
Table and fig. When groups first low intensity 
and then high and again low, were given with two stimuli from 
group each daily experiment, the conditioned reflexes remained 
consistently constant magnitude regardless the intensity the 
sound, shown Table Failure the conditioned reflexes 
vary with the intensity the stimulus the second series experi- 
ments can hardly attributed just the fact that this series was 
second, and therefore represented merely process the dog being 
more accustomed the procedure and its significance, because the same 
tendency was noted work with the same dog before the 
first series was begun, and also because similar failure correlation 
under somewhat similar schedule appeared the initial series 
systematic experiments reported here with our second dog, summarized 
Table 

Many other factors doubtless enter into this problem added 
complications. Thus, for want more exact terminology, the “type” 
the animal may significant. For example, 
another dog proved quick give conditioned reflexes the sound 
metronome and air bubbling through water, but trial lasting 
about six months reflexes tone from the oscillator were the start 
slow becoming established and then always remained very unreliable 
magnitude. With still another dog the conditioned reflex tone 
was very difficult establish, while reflexes certain other sounds 


proved relatively easy. the two dogs reported this paper 


; 
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immediately acquired and maintained reliable conditioned reflexes 
tones from the oscillator. 

The type stimulus itself—a continuous tone which may con- 
sidered (sine wave)—deserves consideration. 
stimuli sometimes required relatively long application before conditioned 
would result; they were often followed salivary reflexes 
inconstant amount and tended fluctuate, even drop out entirely 
after unusual situations slight trauma after exposure Roentgen 
rays part the head not directly over the temporal lobes) they 
always provided conditioned reflexes smaller size than certain noises 
impure tones (e.g., bubbling, bell, metronome, which course also 
adds the quality being interrupted). 

The real significance these differences response tones opens 
fields inquiry unsettled this report; the difference 
physiological effect continuous and intermittent sounds; the ability 
the dog discriminate quality sounds (wave-form), even 
discriminate noises (aperiodic) from tones (periodic vibrations); the 
question smaller more sharply focal centres” the cortex for 
‘pure sounds pitch, allowing perhaps more ready fatigue 
than larger areas which consist more cells and connections; and also, 
the possibility other biological explanations, involving for example 
the difference significance the animal various types sound, 
and hence physiological development and adaptation them the 
animal. Noises nature can well have much meaning for the dog and 
musical tones practically none. difference anatomical well 
physiological development between dogs and men, phylogenetic 
result dependent upon the role musical sounds their lives, might 
arise and provide distinct difference their ability respond 
tones. goes far state that this account the 


‘ 


auditory cortex mammals functions not for the hearing tones but 
for the hearing 

Other features which have considered having possible 
influence this kind work include the rapidity learning with 
subsequent changes salivary responses, the orientation reaction 
the animal the stimulus, the order stimuli with reference the 
use and types stimulation, and also variations 
the particular dog hand for optimal frequency vibrations and for 
optimal duration stimuli and for optimal time intervals between 
stimuli. The slightly variable position the head with respect the 
source sound might provide minor source difficulty. 


BRAIN.—VOL. LIV, 7 


ORIGINAL ARTICLES AND CLINICAL CASES 


There are enough incompletely complicating factors 
these experiments account for the lack exact reproducibility the 
data. But spite imperfection the results, enough consistency 
prevails lead the beliefs that conditioned reflexes auditory 
stimuli are governed definite principles, that single principle will 
cover completely even the interdependence intensity stimulus and 
size resulting salivary reflex. but that one, and probably the most 
fundamental, those principles the tendency for the magnitude 
the conditioned reflex increase with the intensity the tone-stimulus 
relationship that probably exponential, similar that shown 
fig. this paper. 

SUMMARY. 

(1) Tone-stimuli varying intensity, but the same pitch from below, 
the threshold audibility moderately loud sounds, were produced 
with oscillator and transmitter, and the resulting conditioned reflexes 
were measured. 

(2) one series experiments lasting four months with one dog 
tone-stimuli were varied intensities taken random and interval 
least one day without tones was always given. close correlation 
existed between the intensity the tones and the size the resulting 
conditioned reflexes. The relationship was exponential and formula 
was found for curve drawn represent the experimental data. 

(3) such correlation existed another series experiments 
with the same dog and initial set similar experiments with 
second dog. these experiments the tone-stimuli were kept the 
same intensity for several days, then abruptly changed another 
widely different intensity for several days more, and then back the 
original intensity. Moreover, these stimuli were given daily twice 
day. 
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SEARCH FOR TROPHIC INFLUENCE POSTERIOR 
SPINAL ROOTS SKELETAL MUSCLE, WITH 
NOTE THE NERVE FIBRES FOUND 
PROXIMAL STUMPS THE ROOTS AFTER EXCISION 
THE ROOT 


SARAH TOWER.! 
(Depart tof Anat Johns University.) 


the posterior spinal roots should exert certain beneficent 
influence the skeletal muscle which they supply expected 


virtue the sensory fibres contained them and coming from the 


muscle. For the proprioceptive sensory impulses arising 
muscle the reflex activity the muscle largely depends. And supply 


pain fibres affords protection against injury muscle, any other 
structure. 

Recently, however, has been suggested Kuré and his colla- 
borators (1925-30), that the posterior roots contain nerve fibres 
vhich control the trophic state skeletal muscle more direct 
manner. these authors (Kuré, Saegusa, a/., 1930), 
about per cent. the fibres constituting normal posterior root 
have their cells origin the spinal cord and are distributed the 
periphery, probably with synapse the root 
this innervation results, the experimental animal, dystrophic and 
atrophic changes the skeletal muscle. man, lesion this fibre 
system supposed produce the syndrome progressive muscular 
dystrophy. According the present thesis this group workers, 
sympathetic innervation skeletal muscle aids and abets the posterior 
root parasympathetic innervation its trophic functions. earlier 
publications the sympathetic innervation bore the task alone. 
mental and clinical evidence presented support these ideas. 

The author has dealt previous publication with the 
question sympathetic trophic control muscle. evidence could 
found forit. Bearing the theory dorsal root parasympathetic 
control, the extensive posterior rhizotomies performed man neuro- 


'Fellow the Henry Strong Denison Medical Foundation, under whose auspices this 


work was started. 
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surgeons the world over, have not brought dystrophic 
muscle. autopsy biopsy specimens from such cases rhizotomy 
hoped that the material and data will soon available. For the 
experimental animal, however, the problem open quick solution. 


MATERIAL: METHODs. 
Four adult cats were used for the experiments. Under ether 
upper 


the spinal canal was opened the lower cervical 
thoracic region. The posterior rootlets segment were picked 
the dura mater which envelops them, and cut about two 
metres proximal the ganglion. After carefully separating dorsal 
from ventral roots, the dorsal root ganglia were excised. one animal 
the stellate ganglion was also removed, after exposure the proximal 
end the first intercostal space. 

The animals were kept four months, six months and 
this time they were examined every four weeks—pain sensibility, re- 
action prick deep sensibility, mewing deep pressure 
proprioceptive sense, the presence absence shortening and 
lengthening reactions. The range motor activity was thoroughly 
tested and the bulk the muscles estimated comparison with the 
normal. Lastly, the trophic condition skin and hair was watched. 
the expiration the allotted time, the cats were killed with ether, 
and two litres physiological salt solution, followed one litre the 
fixative (20 per cent. formalin neutralized saturation with magnesium 
carbonate), were perfused through the vascular system. 

After six months more the fixative, specimens for histological 
study were removed and put through modified Bielschowsky staining 
technique. The interosseous muscles the fore-foot were selected 
being the muscles most exclusively supplied the spinal roots 
The entire fifth interosseous muscle was cut serial sections 
tudinally Serial cross sections were made from the 
middle the belly the fourth interosseous muscle. all cases 


normal and experimental specimens were treated alike 


OBSERVATIONS. 
Dorsal root cats survived this operation four, 
six and twelve months the first animal, removal 
the dorsal root ganglia C7, C8, and produced ulnar 


distribution, complete loss prick pain over the fifth digit, partial loss 
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over the fourth, and strip extending along the ulnar border the 
fore-arm the elbow. other two animals, excision the ganglia 
from resulted girdle extending from the mid- 
dorsal the mid-ventral line and including, the second animal, the 
entire arm except for strip narrowing down encircle the first toe 
pad; the third animal only the point the shoulder. 

The sensory loss, briefly outlined, increased decreased slightly 
from time time depending the alertness, but there was 
consistent regression. Although the de-afferented fore-limb was 
little employed, every movement normally possible, even extrusion 
the claws and spreading the toes, could 
then characterized the movements. case was there appreciable 
loss bulk any group measles, contracture. ‘The only changes 
skin hair were obviously the result abnormal posture the 
hair the dorsum the paw was worn thin; the skin the paw pad 
was not worn off. However, the region partial denervation 
healed very indolently. 

When the killed and fixed material was available, measurement 


7 


substantiated the estimate. The fore-arm, skinned and disarticulated 


} 


elbow, and the fifth interosseous muscles were weighed. 


presents the data experimental and normal specimens from the series 


I I 
‘ i 
D.R.¢ 
S VII C. 7 feo 112 7 ( ) 27 
D.R. 
D.R.G 
SVIld C. 6toT 19 is 240 240 i 
AV. D.R.G 215 17 16 280 270 2 27 
D.R.G 
S VIII C. 7 to T. 1 12 Ss 8 ) STO 28 29 
St. Gar 


cats. The degree the specimen was, course, 
various. (and VIII muscles ulnar innervation would 
those chiefly the But since was impossible 
elicit any proprioceptive whatever from the fore-arm 
VII every muscle here was devoid dorsal root innervation. And 
approached this state. Yet even VII deprived totally 
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dorsal root innervation for one year, the loss weight the partially 
denervated specimens was trifling less than the experimental 
error. can said passing, that the fixed 
specimens wasting was noted the more proximally situated 
groups, the upper arm and back muscles the segments affected the 
lesions. 

Gross examination living and fixed material having failed disclose 
any trophic disturbance muscle attendant removal dorsal root 
and root ganglion innervation, study microscopic preparations was 
resorted to. the serial longitudinal Bielschowsky preparations the 
interosseous muscle, distinction could drawn between operated 
and normal specimens save one particular—the loss the sensory 
endings thespindles. other respect was the lesion evidenced. 
The innervation the extrafusal fibres was intact, and nerve fibres and 
motor end-plates appeared quite normal. The muscle fibres the 
de-afferented specimens likewise showed disturbance. They were 
neither larger nor smaller than the control specimens, nor were 
hypertrophic fibres figured Kuré, Hatano, (1925), encountered. 
The cross and longitudinal striations were clear cut, and there was 
fragmentation along either these planes. There were signs 
fatty hyaline degeneration. And lastly, the amount connective 
tissue the operated specimens did not exceed the and 
present, for comparison, the region motor nerve distribution 
fascicles from normal muscle and from the muscle deprived dorsal 
root innervation for one year. 

Yet the evidence inspection seemed not quite There- 
fore, with the aid micrometer eye-piece and mechanical stage, the 
diameters 100 muscle fibres were measured the cross sections 
taken from the middle the belly the fourth interosseus muscle. 
The fibres were chosen random, ten each ten sections lying 
100 apart. Table gives the average diameter the 100 fibres for 
each the specimens examined. Although from animal animal 
there were slight differences between experimental and normal speci- 
mens, these differences were not consistent. Figs. and show, 
cross section, muscle fascicles from each fore-limb the animal surviving 
operation one 

now possess all the pertinent data: condition the muscle 
during average seven months post-operative life; weight gross 


fixed specimens microscopic appearance the muscle measure- 


ments the diameter six hundred fibres. Yet this mass observa- 
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tions gives indication that depriving the skeletal muscle all 
innervation derived from dorsal roots and root ganglia, both afferent and 
possible parasympathetic efferent, for period time year, 
any gross microscopic disturbance the muscle. Atrophy 
and dystrophy were equally absent. the case atrophy this 
indeed surprising, because the use limb much curtailed de- 
afferentation that certain loss from disuse was expected. Perhaps, 
however, the gross overaction which characterized the use the muscles 
when they were brought into play, served compensate the general 
lack exercise the limb. 

Dorsal root and sympathetic ganglionectomy.—Although removal 
afferent innervation and the hypothetical dorsal root parasympa- 
thetic innervation from muscle proved without effect the 
trophic condition the muscle, seemed possible that the addition 
sympathetic denervation this lesion might prove the potent combina- 
tion bringing the dystrophic and atrophic changes. one cat, 
therefore, the stellate ganglion was removed, together with the dorsal 
root ganglia This animal was allowed survive sixteen 
weeks. 

During the four months life, again, disorders were 
noted nor any wasting muscle bulk. When the gross fixed specimens 
were weighed (Table VIII the weights the two fore-limbs were 
whereas the fifth interosseous muscle from the side operation 
was slightly heavier than its control. The average diameter 100 fibres 
the partially denervated material was also slightly greater than the 
average the control. close study the microscopic sections, 
morphological characteristic served distinguish the extrafusal muscle 
fibres from the side the lesion from the normal muscle fibres (figs. 
and 6). again, large fibres such appear 
muscular dystrophy were found. Apparently, then, sympathetic, 
parasympathetic (?) and afferent denervation more effective than 
the latter two alone, producing dystrophy atrophy skeletal 
muscle. view the compietely negative results this one trial 
did not seem worth while extend the experiment over series 
longer time. For the trophic function under investigation can 
not subject variation from animal animal the mechanism 


its maintenance. physiological state. 


A note on nerve fibres pre sent in the proximal posterior roots after 


the root the fixed specimens three the 
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cats the series VII VIII a), the spinal segments 
and were removed, together with the attached spinal roots, 
and including the site lesion. ‘The specimens were put through 
modifications Marchi technique for formalin material. The 
segments were prepared according Bielschowsky technique for nerve 
tibres. The segments were stained the Weigert-Pal method for 
myelin sheaths. The specimens were cut serially the material 
from each animal one the three planes—transverse, sagittal 


the normal control was given the same treatment the experimental 


specimen. 

The Bielschowsky preparations proved most illuminating. The 
nerve fibres roots and cord were excellently stained. examining 
sections from the side the lesion, nerve fibres were found the 
proximal stumps the posterior roots all the material, varying only 
number. They were most numerous the preparations from the cat 
which survived operation one year, VII Here, the numbers 
the fibres rendered attempt counting them tremendous task, 
and view their obvious origin quite pointless—but each the 
intradural rootlets segment they were present hundreds (fig. 7). 
The fibres present all the material were fine, less, rarely 
more. They tended grouped bundles, especially the more 
distal portions the roots the scar tissue. Often, half dozen 
fibres appeared occupy hypertrophied sheath Schwann—a 
Biingner’s band. Study the preparations showed that 
the majority the fibres present four months after operation were 
unmyelinated. Here and there were fine deposits myelin, 
fibre thinly coated. After one year, however, many, not 
most the fibres were thinly and evenly medullated. 

Traced peripherally, most the fibres the dorsal root clearly took 
origin from the ventral root. the site removal the dorsal root 
ganglia there were unmistakable signs regeneration, spools and whorls 
nerve fibres and large axones ravelling into many smaller axones 
this last process the characteristic bundles fine fibres were 
formed. Quite obviously, then, are dealing with the condition long ago 
studied Lugaro (1906)—invasion the sensory paths the proximal 
dorsal root motor fibres from the ventral root. 

Numbers the fibres and fibre bundles the posterior roots finally 
entered the dorsal horn the cord. Their manner entry was, how- 
ever, peculiar. Present hundreds each intradural rootlet, they 
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Photomicrographs the spinal cord and roots Cat killed one year after excision 


Fic. 7.—Showing nerve fibres one the intradural rootlets the eighth cervical 
segment. Bielschowsky preparation; mm. objective, compens ocular. 

8.— Showing the cicatrix from removal the dorsal root ganglion Nerve 
fibres growing from the superficial layer the ventral root into the dorsal root. Regeneration 
figures are preparation; mm. apochromatic objective, 
compens ocular. 

9.—Showing the point entry the posterior rootlet fig. into the spinal cord, 
and the manner ending the two nerve fibres penetrating farthest. Bielschowsky 
preparation mm. apochromatic objective, compens ocular; retouched. 

10.—Showing bundle nerve fibres penetrating the dorsal horn pial connective 
tissue posterior rootlet right. Bielschowsky mm. apochromatic objective, 
compens 

Fic. 11.—Showing myelinated nerve fibres penetrating the spinal cord along blood- 
vessel, Weigert-Pal preparation apochromatic objective, compens ocular. 


illustrate paper Sarah Tower. 
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occupied largely, not entirely, the vacated sheaths Schwann. 
Directed along these tracts, they entered the root portion the spinal 
cord, and immediately neuroglia took over the support the fibres 
(about half millimeter outside the cord) their course became tortuous 
and short. Fig. shows the two nerve fibres rootlet which pene- 
trate the neuroglia farthest. The one turned back itself, the other 
divided, and each the fibres terminated small knob. 
little deeper, the intrinsic fibre bundles the cord can seen quite 
intact. doubtful any nerve fibres succeeded penetrating 
through the sclerosed posterior root region into the deeper normal parts 
the spinal cord. Figs. and show, however, the manner 
which fibres did make entry into the depths the cord. the 
posterior root where the latter acquires neuroglia, nerve fibres coursed 
singly bundles through the pia-arachnoid, and these fibres pene- 
trated the posterior horn through the adventitia blood-vessels. Some 
few fibres even ascended the pia, penetrate the posterior funiculus 
mid-dorsal line along the connective tissue septa. Within the 
degenerated posterior horn and column region the perivascular spaces 
were much enlarged. these, bundles containing few several 
dozen nerve fibres were everywhere seen. such groups 
nerve fibres could found the normal material. vasomotor nerve 
fibres accompany the blood-vessels the cord, they are sparse and in- 
conspicuous. confusion this score possible, for the experi- 
mental material the cat surviving operation one year VII the 
fibres penetrating the cord from the pia the eighth cervical segment 
alone would number some hundreds. 

Within the spinal cord the fibres quickly lost their myelin sheaths 
(fig. But their axis cylinders could traced the Bielschowsky 
preparations great depths. the preparations from the cat sur- 
viving operation one year VII some were followed very nearly 
the central grey. The unusually strong argentophile reaction re- 
generating fibres, originally described Cajal, made feasible trace 
the fibres. Bundle formation and varicosity characterized them, and 
their common association with the blood-vessels. The fibres increased 
rapidly number within the cord, ravelling simple division. 
But some the bundles, single fibres from the bundles, appeared 
leave the side the blood-vessels penetrate the adjacent tracts 
the neuropile the dorsal horn. isolated and seemingly naked 
fibres unquestionably traced long and complicated paths among the 
neuroglia the depleted dorsal horn and column. Their course then 
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was, toall appearances, aimless. They were not oriented with the tracts, 
nor were they directed toward cells, either nerve cells the hyper- 
trophied neuroglia. the invading nerve fibres, which had been 
unable make headway against the dense, almost a-cellular neuroglial 
tissue the degenerated posterior roots, were fairly well distributed 
the interior the cord. Their manner ending was, however, 
always typically that regenerating axones—a knob loop. Nothing 
suggestive functioning nerve ending was seen. 

was not always possible decide whether not those regener- 
ating axis cylinders were accompanied neurolemma. their course 
the roots and pia and the large perivascular spaces the cord, 
the fibres were generally sheathed cells resembling Schwann cells. 
But the fibres which departed from the perivascular spaces follow 
intricate paths the neuropile and tracts the cord seemed 
naked. 

single remaining dorsal root ganglion cell was encountered 
any the preparations. Such source, then, tor any the fibres 
present the posterior root need not considered. And since the 
fibre content the roots cat did not differ noticeably from 
that VIIb, and the former animal the stellate ganglion had 
been removed together with the posterior root ganglia, the sympathetic 
could have contributed appreciable portion the fibres seen. Quite 
obviously, the ventral root was the major source the fibres invading 
the vacated posterior root stumps. However, there was evidence that 
few other nerve fibres the vicinity, fibres the connective tissue 
from the adjacent traumatized muscles, were assisting the process. 
The ventral root fibres involved this regeneration were chiefly the 
superficial layer adjacent the cicatrix. The bulk the fibres 
ventral root continued into the spinal nerve without modi- 
fication. Although using care the anterior and posterior roots can 
separated that motor defect results, yet nevertheless the ventral 
root intimately applied the dorsal root ganglion, the cervical 
region the cat, that the surface layer the fibres would always, even 
the best operation, injured. few injured fibres were the 
stock which repeated division and the process ravelling fill the 
posterior roots vacated excising the dorsal root ganglia. 

These observations confirm, then, the opinion Sherrington 
(1894, 1897) and many others (most recently, Nevin, 1930), that the 
nerve fibres found the proximal stumps severed posterior roots 
are regenerating fibres. Although they give credence the figure offered 
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Kuré and Saégusa (40 per cent. the normal fibre content), 
and confirm their description the fibres fine and finely myelinated, 
the belief these authors the origin the fibres—that they are 
efferent fibres proper the posterior roots, remaining when the per 
cent afferent fibres degenerate—is not confirmed. Unfortunately, 
these Japanese workers prepared the posterior roots cords 
techniques. They studied the posterior roots 
section, detached from the cord. Hence they could not have established 
the emergence the fibres from the cord examining the transition 

between them. The fibres present such great numbers the 
posterior roots disappear rapidly this region. They neither enter 
nor emerge from the cord, except small fraction which utilize the 
perivascular connective tissues route entry, and curiously enough 
this small fraction which gained access the cord such roundabout 
way, once inside, increased tremendously numbers 
seeming ease among the cells and fibres the central nervous 
system. 


DISCUSSION. 


This history physiology contains series attacks the 
Magendie concept the function posterior roots exclusively 
sensory. phenomenon antidromic vasodilatation, thoroughly 
examined Bayliss (1901), has not been brought into discredit, but 
the well-planned experiments many investigators have, yet, failed 
animal. Attempts assign the posterior roots ganglia, 
the maintenance tone skeletal muscle, other than their exceedingly 
important share the sensory path the proprioceptive reflex are, 
have not fared well. The data presented this paper now fail 
provide any support for the most recent suggestion that the posterior 
roots and ganglia, with without assistance from the sympathetic 
nervous system, are concerned maintaining the normal trophic state 
skeletal muscle, and that destruction this innervation results 
dystrophic and atrophic changes the muscle. Muscle deprived 
innervation of dorsal root origin for a year, or of dorsal root and sym- 
pathetic origin for four months, failed show any trace atrophy 
dystrophy. Such partially denervated muscle was, indeed, quite 
indistinguishable from normal muscle any morphological character- 
istic except the absence sensory nerve endings. 

These results conform with our concepts the innervation the 
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fibre skeletal muscle. efferent connection posterior roots with 
skeletal muscle has been described. preparations made the 
author cat’s muscle which the dorsal root component 
innervation had been isolated degenerative section the ventral and 
sympathetic components, nerve fibres were found ending the 
spindles, the connective tissue, and occasionally running along blood- 
vessels, but none was ever seen ending hypolemmally epilemmally 
ordinary muscle fibre. Indeed, not all certain that there 
are efferent fibres the posterior roots the higher mammals. 
preparations examined the present study show clearly that the nerve 
fibres found great numbers the proximal stump severed 
posterior root have grown from the ventral roots. And although 


or 
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cannot be denied from the data in hand that there were amone these 
regenerating fibres few that were truly efferent, emerging from the 


cord with the posterior root, fibres suspected this origin were 
encountered. lower vertebrates, fish, amphibia and birds 
1920), efferent fibres most certainly exist the posterior roots. 

the other hand, even should proven that the posterior roots 
contain nerve fibres structurally efferent, would still necessary 
prove that these were functionally efferent also. They might function 
sensory fibres equally with the remainder the root fibres. 
fibres the mesencephalic root fifth cranial nerve are case point. 
Furthermore, their peripheral distribution would remain deter- 
mined before their connection with skeletal muscle could accepted 
For Kuntz and Farnsworth (1928) have described fibres passing from 
posterior roots the grey rami the sympathetic system, although 
sure only regions the cord giving rise also sympathetic 
efferents. But any case, even should small component efferent 
nerve fibres demonstrated the posterior roots, the evidence here 
presented seems conclusive that their function not essential 
] 


maintaining the normal trophic state skeletal muscle 


SUMMARY. 


The posterior root ganglion supply the muscles one fore-limb 
was removed four cats, one these the stellate ganglion also. 
After four, six twelve months the animals were killed, gross speci- 
mens weighed, and histological preparations interosseous muscles and 
spinal cord segments made. 

During life, atrophic dystrophic changes were noted the 
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fore-limbs affected the lesions. Likewise, weighing fixed specimens 
brought out significant difference between experimental and control 
material. Furthermore, the yielded 
morphological evidence atrophy dystrophy. And measurement 
the diameter 400 muscle fibres from the side operation and 400 
normal averaged the same. 

Study the spinal roots and cords showed numbers fine nerve 
fibres the posterior roots. Some these fibres penetrated the spinal 
cord along the blood-vessels, but none, probably, through the root zone 
proper. were most numerous the longest surviving specimen 
Many the fibres could directly traced from the ventral roots. 

The conclusion reached that the posterior roots play 
either alone association with sympathetic innervation, 
maintaining the normal trophic state skeletal muscle. 

state isa phrase which loosely used throughout neuro- 
logical literature. When substantive employed, verb assumed, 
Hence, perhaps, the search for trophic Yet, does the trophic 


ba 


And this case, indeed, the concept trophic state 


tissue express anything other than the capacity the tissue 


all the author has shown that the 
sympathetic nervous system plays maintaining the trophic 
state skeletal muscle. Now apparent that the dorsal roots and 
likewise exercise even less intluence this nature than was 
expected virtue the sensory fibres coming from the muscle, which 
the roots mediate. trophic state skeletal muscle seems, indeed, 
solely dependent motor innervation. (The effects ventral root 
lesion skeletal muscle need not recapitulated). other words, 
the function muscle and its physical integrity hand hand. 
state ceases, then, physiological entity, phenomenon 
with mechanism peculiar itself. Like tonic state, trophic state 


becomes, this light, one aspect the function the neuromotor 


unit. 
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Neue Deutsche Chirurgie. Heraus gegeben von 
Breslau. Band. Spezielle Chirurgie der Gehirnkrankheiten. 


743. Stuttgart: Ferdinand Enke. Price Rm. 96. 


the eleven sections into which this volume divided mono- 
graph, the subjects thus comprised being the inflammations, 
softenings, and some the vascular tumours affecting the 


The work begins with excellent article Guleke (Jena), whose opening 


pages discuss the anatomy and physiology of the meninges and cerebrospinal 
fluid insists that considerable quantities the lumbar fluid are absorbed 
the lymphaties the spinal nerves via their arachnoid sheaths. 
attractively general statement the aims treatment meningitis arising 
ion, lays stress the protective character 


meningeal adhesions, ind thus he considers that treatment should aim at 


There orthodox chapter cerebral abscess from the hand Willich 
(Jena), though we cannot agree with his commendation of encephalogi iphy in 
the diagnosis this condition as, our opinion, must dangerous. 

nent rightly insists the use small dural opening for exploration 
drainage obviate, possible, meningeal spread. There follows 
long and again orthodox exposition the intracranial complications aural 
and nasal infections Bruhl (Berlin), but nowhere have found long 
accounts the and prognostic importance the cerebrospinal fluid 
changes suppurative conditions, reference diminution chlorides. 
The remainder the book deals with vascular lesions (Smidt, Bremen). 

Intracranial aneurysms are discussed and the their treatment 
carotid compression and ligation. Very high percentages (42 per cent. and 
4) per cent. In different classes of case) are mentioned as the incidence of 
ligation, far higher than believe obtain, and probably 
falsified by the small number of cases quoted. 

There short reference congenital venous tumours, and varices, 
but doubt the will receive attention the coming volumes. 

Throughout the book the clinical and neurological aspects receive the same 


care that devoted the pathological and operative expositions. 


brain and meninges. 
localizat n 
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francs. 
The three preceding members this series clinical 
studies have already been noticed this Journal. Like its predecessors, 
collection papers that for the most part have appeared 


periodicals. The reader will find that this volume follows the plan and 


maintains the standards set the authors 


Handbuch der Abt. Methoden zum Studium 
der Funktionen der einzelnen Organe des tierische Organismus. 

The present section this handbook contains three articles the 

Registering Vocal Curves means the and the String 


Galvanometer, Roseman; The Investigation Vibration Sense, 


Katz; and New Methods Investigating Temperature Sense, Hahn. 


These articles, which are primarily concerned with metl is I quantitative 
testing, are highly technical and not lend themselves 
Their study importance workers engaged upon research the subjects 


with which they deal. 


Perspektiven der von ARTHUR Leipzig 


George Thieme. 1930. 384. Price Rm. 25.00. 


This large book is for the specialist. Krontel s easy writer, and s 
thorough and detailed an attempt t » seize the psyenic ess izophre 
cannot be read through at a lew sittings or summarized in few lines evel 
psychiatrists, unfamiliar with philosophieal will 


reading. 


The authors grasp ol the relevant literature Is prods Ss, and he covers thie 
+ + + ] ] + 
whole “round systema ically vccording to a method based n e teac nes ol 


Jaspers and the Heideiberg school, but with considerable personal variation. 


cannot said that much emerges that new; but the present position 
with regard schizophrenia claritied and the available methods 
examined as to the possib lity of their leading to turthe knowl ige. It is, 
however, only with the psychological approach 
problems that the author concerned, and this closes wit 
expression resignation, for sees inevitable limits, already reached 


Soziale und Soziale Gesundung. von 
Berlin: Springer. 1930. 2.80. 
Professor von Weizs: cker 


and neurology generally well known, has given his attention 


1i0se valuable work on the physiology of 


the creat social roblem ol e millions ot peo le wl ( receive State support in 


af 
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Anyone who has had examine these 
capacity expert, aware how closely medical 
twined, and how difficult mav be the 

man fit work and whether responsible 

patients, determining 

fit work, 

are confronted with 


much wisdom 


Paul, Trench, Triibner and 


ured and 
Lppoint 
helpful 


much 


theories about 


an, and the 
lligenee and 
ends is con 

assertion 

part the will 
tor 


to mastel 


and observance 


aus the most 


found this book 

ne acct pted psychological 
be deplored that the 
systems are more 

experimentalists, and 


d by Freud, for whom 


Diagnosis of Psychoneurotics. 

and Co. Jol. Price 10s. 

in mysticism and the religious 


relations of the sympathetic nervous 


patients, particularly 
and social considerations 
deciding of the q ‘stion whet 
work the only form tre 
thei fitness, and treating 
hot ot \ uctice 
6d, 
he npt ! Ol ¢ ent It arose out of the di 
ment that the author felt for educational needs sought 
men Ing « L¢ enee, but few attempts to fathom it, and will is apt to he j 
posed ott treath { ss ething els 
The book divided into three parts: the first 
Gestalt the second part the relation between 
taken up, and the stability and constaney instinet 
trasted with the changing progressive quality intelligent end 
is considered, not s uc aS a part olf experience but as a fac . 4 
ies ib] < Culnstance 
Ne) cal l an examination of tl pre blem as m 
cal t be ssed ] however, 
nearly related to ordit V experience than those of t ; 
heed all the large and influential school, 
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system and the internal secretions mental disorder, find expression this 


collection informal clinical lectures. The easy familiar style, peculiar 


this mode presentation, and the cultivated mind, showing itself 


wide range allusion and illustration, make the book pleasant and smooth 
one read, but discursive, many ways and there 
leal repetition The habit mind which expresses not familiar 


England, though may more justice the present state 


than precise systematic st udy or more complicate a cone ptual schemes very 


method of approach is to be valued. and the case for the an lytical and logieal 


has not vet been established beyond question the field mental disorders 


\nd Professor Laignel-Lavastine’s comparison between psychoneurosis and 


religious experience, which builds, and his pronouncements 


tbout endocrine and other humoral disorders in t sé. people, deserve 
consideration. 

matters detail there good deal contrary practice 
one form travel whieh eliminates tels, mot 
cars and railways, and which enormous benefit psychone mean 
They are especially suitable for depressed, the sea 
assertively old-fashioned, and the general tenor the book amazingly conser 
vative and times The concentrie method, which the worl 
its title, another name for that cons 
now the rule among all good The translation, 


anonymous one, oceasionally faulty and 


Die Neurosen des von Berlin: Urban 


und Schwarzenberg. 1931. 12.50. 


This work the continuation the earlier book the neuroses 
children. considers that the the physician not only 
relieve the neurotie his infirmities but sustain 


contlicts of daily life The modifi thle factors in these conftliets are set fort 

the end that rales life found for the individual which will avert 
failure and consequent illness. the work study the 
between social and the individual, Western society, and 
the relative capacity people lead satisfactory lives such 
excellent, but the tendeney make the physician counsellor and prop 
for the weakest. ill well, ignore economie 
obvious kind. One must also take exception the proposal 
that his book should oecasion put the hands the patient, for whose 
has eschewed all unfamiliar words. The practice giving patients 
works this kind fruitful mischief, though the temptation take such 
easy and time-saving short cut may hard resist the 
actual deseription and the probleins daily life, family 


relationships, the book contains useful and interesting material 
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Di Organischen, etuschliesslich le r Ewoqgenen, Reaktionst ype Von 
Professor 1930. 146. Berlin: Karger. 


doctrine exogenous reaction-types has been the basis all 


recent with regard mental disorders. But Krisch and 
some others have, the last ten years, given their attention the less acute 
and gross cerebral From the standpoint empirical the 


+] 
uthor here investigat 


afresh the problem what psychic are 

co-ordinated with stimuli working the the concept 

intensity stimuli, developed him this connection earlier 


tings, to be one of great heuristic value. Disturbance of consciousness ne 


regards the fundamental symptom, and its intensity the measure 


0 the Ct el lad mage 

introductory chapter the development the doctrine 
symptom-complexes, and general concepts such are expressed the 
terms wtiology, constitution, localization, symptom and syndrome, passes 
careful clinical the organic types reaction which may met 
various conditions, including the so-called endogenous disorders this 
the main body the work chapter disturbance individual 
inctions, seen bewilderment, confusion, flight ideas, lack initiative 
und disordered memory, with brief discussion guiding principles, concludes 
the work, which notable contribution, neither definitive nor claiming be, 
but the weak assumptions neurology sometimes 


Napoli: Stabilimento Tipografico Francesco 
Giannini Pp. 536, con 1930. 
Price L. 150.00 


This bulky work contains much valuable and interesting material bearing 
the education children with congenital defects. the first part the 
lelective ld is considered as to intelligence, sense-organs and affectivity 
and strays and children are also The causes 
are next considered. all its aspects receives the fullest 


consideration the history genetics, the various theories, the present status 
and problems are the subject ten chapters: neuropathic and 
edity, consanguinity, criminal heredity (in five chapters), the 
influence alcohol, tuberculosis and general distress, with final two 
chapters criminal women, make the remainder the first part. The 
second part, nearly hundred pages, concerned with the various forms 
education, not merely scholastic, the influence education animals and its 
evolution the different human races, followed detailed account the 
own researches carried out institutions Naples and and 
training ship, ascertain how far inherited defects can modified 
training. His conclusions are encouraging and should be read in detail in the 


original 
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The Reform Congress. Edited Norman Haine. 


Kegan Paul, Trench, and Pp. Price 25s. 


The Proceedings the Third Congress, held London September, 1929, 
are contained this book. The papers are very unequal value, some 
enthusiastic the point ranting, and headlong. One would 
more knowledge and less prevalent uncertainty about sexual matte 
especially sexual ethics, and the extremes of opit n in this regard, become 
very evident one reads. The less lemical and papers 
reports on social experiments, cet sorship, contraceptio terility, ete., are « 


interest, though far from conclusive 


Writers and Clinical Cases” are supplied free charge 
with copies reprinted the form which the paper stands the pages 
Brain.” reprints are required pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must ordered, the expense the writers, 
from Messrs. BALE, SONS DANIELSSON, Ltd., Great Titchfield Street, 
London, 


Members the Neurological Section the Royal Society Medicine can 
obtain the Index Brain” for the Volumes inclusive, that is, from 
its commencement the end 1900, from Messrs. MACMILLAN CO., Ltd. 

f 6s 


St. Martin’s Street, London, W.C., the price 6d., post free 


those who are not members the Neurological Section the Royal 
Society Medicine the price 8s. 6d. net, and the volume may obtained 
through any bookseller. 
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